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B HacTOHiueM c6opHHKe noMemeHbi eraTbn, OTHOcamnecH k pa3AHHHbiM 
BonpocaM cTpoMTejibHOH MexaHHKH. OAHa qacTb cTaTeft nocBjnueHa, rAaBHbiM 
o6pa30M, pemeHHK) 3ajxem o Hanpa>KeHHOM coctohhhh njiacTHH h CTepjKHefi. 
B Apyrofl qacTH H3AaraiOTCH pe3yjibTaTbi SKcnepHMeHTajibHbix ijccAeAOBaHHH 
npoqHOCTH CTaAen ripn nepeMeHHbix Harpy3Kax. 

C6ophhk paccqHTaH Ha paSoTHHKOB HayHHO-HcciJieAOBaTeAbCKHx yqpe>K- 
Aghhh h npoeKTHbix opraHH3auHH. 
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nPE^HOIOBHE 

B HacroHiueM cSopiHHKe noMemeHbi cTaTbH, jiocBH-meHHbie paBAHHHbiM 
©onpccaiM CTpOHTejibHOH -MexaHHKH. OAHa macrb cTaTefi nocBamema, rjia©- 
HblM 06pa30M, peilieHHK) 3ZA3H O H am p Hl>K€H HO M COCTOHHHH nJiaCTHiH 
h crep>KHeH. B Apyrofi maera msjiaraiOTCH pesyjibTaTbi SKcnepHMeHTaji'bHwx 
hcc a e^oma h h fl npomHOCTH cTajieft npH nepeMeHHbix HarpyBxax. 

B craTbe JX- B. BafinSepra asho pemeHHe aaaa^H o njiocKom Ae(J)op- 
Mau™ iKJiHHa, orpaHHqeHHoro mapa6oAoft, hoa AeficTBHeM coScTBeHHoro 
B©ca. MccjieAOBaHo HanpH^eHHoe coctohhhc okoao OTBepcraH. 

B daTbe 3. H. Pam6a paccMOTpeHo Hampm^eHHoe cocTOHHHe MaccHB- 
Hbix coopyAceHHft tioa AeficTBHeM cdSctbchhoiix) Bfeca c yqeroiM nopnAKa hx 

BOSBieABHHB. 

B cTaTbe A. JX- KoiBiajieHKO HccjieAOBam hcc h m M erp mm h bin npy- 

TAOH nAaCTHHKH, BbIGBaHHblH CHABMH HHep^HH HpH ABHACeHHH, Ha3bIBaCMOM 

peryAHpHO'fi mpeneccHeH. 

B CTaTbe A. H. GTpeAb6HUKOH npeAAO>KeH hobwh mctoa pacqeTa eraAb- 
Hbix 6 ajiOK, pa6oTaioii;Hx Ha kocoh h3th 6 3a npeAejiOM ynpyrocTH. 

B CTaTbe <E>. n. EeAHHKHHa HSAaraiOTCH peayAbTaTbi Teop cth qeoKoro 
H 3 KC Hep H'MCHT 3 A b H Or 0 H CCA e AO'B a H H H BCAHHHHbl K09 (}>(}) HAHCHTa UOUUepyKU- 
BaK>iH,ero a^hctbhh mpm H3rn6e AepeBHHHbix 6aAOiK. # 

B CTaTbe n. H. CeMeHOBa npeAAaraeTCH inpH6AHH<eHHbiH cnocoS pac- 
qeTa th6khx CTepacHeft, np HMeiHne m bi x b MaiHHHocTpoeHHH h npHi6opo- 
CTpOeHHH. 

B CTaTbe B. H. Onca H3A araiOTCH peayAbTaTbi HccAeAOBaHHH KOHTyp- 
Hbix oco6bix ToqeK KpHBoro erep>KHH npH pa3AHHHOH Harpy3Ke rna ero 
KOHUaX. 

B CTaTbe B. E. GaAHOHa p accM aTp hb a k>tch H 3 rH 6 HOKpyTHAbHbie KOAe- 
6 aHHH BbICOKHX A ByTaBpOBbIX 6 aAO’K HOA AeHCTBHCM HpOAOAbHblX nepHOAH- 
qeCKHX CHA, npHAOHCeHHbIX 3KCUeHTpHHHO. 

B CTaTbe H. JX. )KyAHiia mpBBeAeHbr pe3yAbTaTbi HcnbrraHHH AByxmpo- 
ACTHbix CTaAbHbix 6aAOK npH hoabh'^khoh HarpyBKe b ympyro-nAacTHqecKofi 
CTaAHH. 

B CTaTbe H. H. MepHHKa h 3 aokch a pa3pa6oTaHHaH aBTopoM Homan 
MCTOAHKa HBMepeHHH HAaCTHHeCKH X AC(jX)pMaUHft H IIOKa3aHO BAHHiHHC HpCA- 
BapHTeAbHOH AC(f)OpMaUHH p ac TH }K€ H HH H3 <B blHO C A HBOCTb CTBAH B HOpMa- 
AH30BaHH0M COCTOHHHH. 
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B daTbe r. B. KapneHKO npHBeAeHbi AaHHbie o bjihhhhh CMa30HHbix 
Maceji Ha BbiHocjiHBOCTb CTajieH. 

B CTaTbe T. B. KopHeeBa Haji-araeiCH MeroAHKa siKcnepuMeHTajibnoro 

HCCJIieAOBaHHH npOHHOCTH 3JI'6MeHTOB CTaJIbHbIX KQHCTpyiK'UHH, pafiOTafOlAHX 
npn HeperyjiHpHbix nepeMeHHbix HarpysKax. 

G6op'HH<K paccqHTaH Ha paffioTHH'KOB Hayqno-HCCjieAOBaTejibCKHX ynpe- 
>KAeiHHH H nipOeKTHbIX OpraHH3am,HH. 




Sanitized Copy Approved for Release 2010/04/21 : CIA-RDP80T00246A032500880001-4 



Sanitized Copy Approved for Release 2010/04/21 : CIA-RDP80T00246A032500880001-4 


HHCTHTyT CTPOHTEJIbHOH MEXAHHKH AKAQEMHH HAYK YCCP 

1953 CBOPHHK TPYAOB JsJo is 


HAnPJOKEHHOE C0CT05IHHE nJIOTHHbl IlAPAEOJlHHECKOrO 
nPO<DHJlfl C OTBEPCTHEM 

R . B. BauH6epa 

B CTaTbe npHBOAHTCH pememie 3aAaHH o iuiockoh AetfropMaunn kjihh3, orpaHjmeHHoro 
napa6aaoH Broporo nopnAKa h HaxoAnmerocH no a a&hctbhom co6cTBeHHoro seca. HccAe- 
AOBana KOHueHTpauHH HaiipHjKeHHfi b njiorHHe okojio sAJiiniTHnecKoro h Kpyivioro OTBep- 
cTHfi. JXjih 9THX cjiywaeB mwiyneHu pacneTHbie cJjopMyjiu h BunoAHenSi HHCAOBbie npHMepbi. 
M3A03KeHHan MeTOAHKa mojkct 6biTb npHAoaceHa k cjiynaaM orBepcTHH Apyrnx oHepraHHH. 

1. IlocTaHOBKa 3aAaMH * 

HanpH^ceHHoe cocTomme rpaBHTauHOHHbix iijiothh oSbiHHo onpeAe- 
jiiH-eTOH Ha ocHOBaHHH ypaBHfeHHH njiocKOH sa^aHH reopHH yupyrocra jyin 
6ecKOHeHHoro TpeyroAbHoro Rjurna [1] jih6o c noMoiubio npHi6jiHJKeHHoro 
Merazia, npejvroHceHHoro anaA- B. f. TajiepKHHbiM a/ih TpaneuoHAajiBHaro 



KJiHHa [2]. Me>KAy tom pnA hjhothh HMeer 6o;i'ee cJio^Hbift npcxfwjib, KOHTyp 
iKOTOporO B B*epXHCH HaCTH AOBOJIbHO XOpOIHO anpOKCUMHpyeTCH napafiOJIOH 
BToporo nopHAKa (pnc. 1) 


i = (1) 


* B o 6 cy>KAeHHH nocTaHOBKH 3 aAann npHHHJin y^acme njieH-KoppecnoHAeHT AH YCCP, 
npo^eccop aoktop TexHHnecKHX Hayn H. A. IlbimKHH, npo(feccop aoktop TexHHHecKHX 
Kayx n. M. BapBaK h KawAHAaT TexHnqecKHx HayK JL H. Ahtaobhukhh. 
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TeJIO nJIOTHHbl HMeeX KpHBOJIHHeHHOe OTBepCTHe. KoHTyp OTBepCTHH — 
3 aiMKHyraH KpuBaa hjiookocxh z = x -f- iy = re i& t iKoropan mojkox 6bixb oxo- 
6pa>KeHa Ha o Kp y >k hoct b eAHHHHHoro paAnyca hjiookocth (J—Xi -\- iy\=Qe i9 9 
npn noMoiuH npeoGpaaoBaHHH 

= ( 2 ) 

nue Rum — nojio$KHxejibHbie (^eficTBHTejibHbie) nocxoflHHbie; 
n= 1 , 2 , 3 ,... OyHKUHH ca (0 Aaex KoncJjopMHoe oTaSpanceHiie oSjiacxn 
njiocKOCTH z, pacnojio^KeHHOH bhc oxBepcTHH, Ha BHeuiHOCTb Kpyra e&HHM- 
Horo paAnyca njiocwocTH f. 

Jim tofo HTo6bi oxo6pa>Karaiua5i fyymsawsi (2) ycxaHaBJinBajia BaaHMHo 
0 A H03 H a'H HOG C OOTBCTCTB HC TO L I6K 0'6©HX oGjI'aCTCH, iBKJHOHaH H KOHXyp bl, 

HeoSxoAHMo, HTo 6 bL b hjiockocxh £ fine Kpyra eAHHHHHO'ro paAJHyca h Ha 
KOHType era npoH 3 bo ah an $yHKUHH ct >(0 He oSpamaJiacb 6 bi b Hyjib. 3 xo 
Tpe 6 oBaHHe * yAOBjiexBOpnexcH npn 

mn 1 . ( 3 ) 


BbitSHpan onpeAeJieHHbie BHa^eHUH napaMexpoB R, n h m, rrojiyHHM 
BG3IM QJKHOCTb HCCJICAOBaTb OTIBepCTHH pa3JIiHHHOH KOI t (J)HiryipaUH H . TaK, tl = 1 
oooTBeTCTByer OTBepcxHio b (j>op.Me ajiAianca, oTHomeHne nojiyoceS Koroporo 
onpeAejineTCH boji hhhhoh m ns (JjopMyjibi (2); npn m = 0 oxBepcxne HMeeT 
4x>pMy Kpyra. 

n P H n= 2 HMC0M CJiyxafi OTBepCTHH, OrpaHHHeHHOrO paiBHOCTOpOHHHM 
KpHBOJIHHeHHbIM XpeyXOJIbHHKOiM, OAHB HS BepIHHH KOTOpOrO JICHCHT Ha 
OCH a: C nOJlOaKHXejIbHOH CXOpOHbl. 

n P H 3HaqeHHH n = 3 ^yHKUHH) (2) Aaex oxoSpaxKeHHe KOHxypa b BHAe 
KpHB ojih hcoS H oro (KBaApaxa c ueHxpaM b nanaAe iKOOpAHiHax h c BepniHiHaMH, 
AeH<aLHHMH Ha KOOpAHHaXHbIX OCHX. 

B 'KHH'Pe npo<J). T. H. CaBHHa ,„K | OH'ueHTipai;HH HanpnHteHHH okojio 
OTB epCXHH" pa3pa6oxaiH 3(fH})eKXHBHbIiH HpH6jIiHH<eHHbrH MCTOA OT06pa{>KeHHH 
BHeiiiHocxH hohxh JiioSoro MHoroyrojibHoro oxBepcxHH Ha ©HyxpeHHoexb eAH- 
HHHHoro Kpyra. 3xox MexoA noaBOJiHeT yxHXbiBaxb saAaiHHbie paAHycbi 
aaKpyrjieHHH & ytrjiax oxBepcxHH. 

CxHxaa OTBepcxne MaJibEM h AocxaxoxHO yAaJieHHbiM ox KOHxyp a napa- 
6ojiHHecKaro KjiHna, 6yAeM pernarb saAany up h 6 ji hjkch ho, nyxeM HajrojKeHHH 
AByx HanpHHceHHbix coctohhhh: 

1 ) HanpH>KeHHoro cocxohhhh o ! ? , b cnjioiHHOM xejie, orpaHH- 

xeHHOM napa 6 ojioH h HaxoAnmHMCH (pnc. 2 ) noA AeflcxBHeM npHAOJKeH- 
Hbix K HieMy BHeiHHHX CHJI ( 3 X 0 COCTOHiHHe, CJHeAyH r. H. SaiB'HHy, 6 yAeM 
HaabiBaTb ocho b h bi i m) h 

2 ) h a n p h a<eH Horo cocxohhhh (a”, a®, b HeorpaHH^eHHOH imo- 

ckocxh, ocjia6jieHHOH oxBepcxneM (p-HC. 3), rrpH aohcxbhh Ha KOHxyp sxoro 
oxBepcxHH HanpHH<eHHH (iKacaxejibHaro h HapMajibHoro k Kpaio), paBHbix 
no BejiHixHHe, ho npoxHBonojioHCHbix no 3HaKy na np jokchh h m , cooxBexcTByio- 
ujhm Hanpn>KeHHO'My cocxohhhk> 1. (3xo HanpHHceHHoe cocxonHiHe 6yA^M 

Ha3bIBaXb AOnOAHHXeAbHbIM.) 

B xaKo-M cjiyxae Bbrpan^eHHH 




< 7 e =a e“ ha e 1 ’ 


T e0 =T f0 + T p0 


( 4 ) 


6yAyT npnfijiH^eHHbiM pemeHHeM paccMaTpHBaeMofl 3aAanH. 

HeKoxopoe HOKaH^eHHe h anp H>KeHHoro cocxohhhh mbi nojiiyxHM Ha BHern- 
h&m KOHxype napa6ojibi, rAe h a np hi^kch h h He 6yAyT tohho paBHbi 3aAaHHbiM. 


* Cm. [ 7]. 
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Oa,HaK0, ywrbraaH, tto BOQMymeHHe, BHOCHMoe b cHjioBoe ynpyroe nojie 
yCTpOHCTBOM OTBepCTHH, HOCHT M&CTHblH XapaKrep H HTO paSMep OTBepCTHH 
B HeCKOJlbKO pa3 MeHbllie paCCTOHHHH AO BHeiUHerO KOHTypa KJIHHa, 
MOJKHO CHHT3Tb TaK06 peilieHHe yAOBJie TBOp HTejI bH bPM . 


2. OcHOBHoe HanpnjKeHHoe coctohhhc b ciijioiuhom napa6ojiHqecKOM kjihhc 

B rpaBHTan,HOHHOH ruioTHHe Harpyana ot codcTBe h Horo Beca 6cxnee 
onacHa jum HanpHJKeHHfi okojio OTBeperHH, qeM oAHOBpeMeHHoe AeficTBue 
6okoboh rHApocTaTHqecKOH HarpysKH h cO'6cTBeHHoro Bee a . 



PaccMorpHM cnjiO'iiiHoe Tejro, orpaiHHqeHHoe napaSoAOH (pnc. 2) 
h HaxoAHmeeca ttoa AeftcTBHeM co6cTBeHHoro Bee a 

x = r , y = o, 


(5) 


rAe y — BeooBaa ruiOTHOCTb. 

ypaBHeHHH TeopHH ynpyrocTH jum p accM aTp HBaeMoa 3Aecb 3aAaqn 
6yAyr: 


do\ dil 




+ 


-^ + y = 0; 

dn 


dr\ dal 

_i? + — 1 = 0 

a? ^ dr, 


C KO'HTypHblMH yCJIOBHHMH 


BbipaMcaa h t l n 


Mepe3 


n 


O l = 0, T l = 0. 

°b a \ H x \n' 

al—Aar, r^+ 4 a? 0* _ 
4 of+l ’ 
2a(q^-ff|)»;+T |7; (4ag- 1) 
4 a? + 1 


( 6 ) 

(7) 

( 8 ) 
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PeuieHHe ypasHfeHHH (6) SyaieM ncxaTb b Bnae 

(rl=A+B^+Crj; A x + C x rj; A 2 +B£+C*r}. (9) 

Ko3<|)c})HUHeHThi A , 5, C; A u B u C i; A 2 , B 2 , C 2 Hafi^eM, noACTaBjmn Bbipa- 
^KeHHH (9) b ypaBHeHHH (6 ) h Hcnojibaya npM otom rpaHOTHbie ycjioBna 
(7) H 3a©HCHMOCTH (8). 

B pe3yjibTaTe nojiyqHM * 

■»— !* °’ = -b *— I* (10) 

r*e a — napaMerp, ibjcoahiukh b ypaBHeHne (5) KOHTypa napa 6 cwxH'ieoKoro 
KJDHHa. 


3. AonojiHHTejibHoe HanpaweHHoe coctobhhb 

BTOpofi aran pemeHHH p accM aTp hb a e m o h samara saHjimaercH b onpe- 
aeJI€HHH HaiHp5DKeHHH B 6eCKOBeHHO0 njIOCKOCTH, OCJiafijieHHOH OTBepCTHeM 
(pHC. 3), k KOHTypy iKoroporo nipnJiojKeHbi nanpe>KeHHH, HaftflieKHbie no 
(})OpMyjia'M (10), HO BQHTbie C npOTHBOIIOJIOXCHblM 3 H aKOM . 



Phc. 3. 


CjieayH H. H. MycxemniBiuiH, mookho pemeH»e nooieaHefl 3 aaanH 
cbocth k orrpcaCjieimio aayx c^vhkhhh KOMinineMOHoro nepe.weHnoro 9 (C) 
h 9(0 npn cjieayiomHx ycjioBHHx Ha KOHxype HocjieayeMOH oSjiacra : 

1 O n+1 +m — > . —f~r , 

<p(°)+ • !- mn g »+t ‘ <P («)+V'(ff)=/i+</*; 

(11) 

3jxech yqTeHa (J)yHKUHH (2), npeofipa^yfomaH eAHHHHHbrfl K-pyr injiocKocTH f 
b iHccjieAyeMyio ofijiacTb njrocKOCTH z. 

Ha iKOHType ^ahhothofo Kpyra £ = e i '9=<r # ^yunmiH f x h / 2 onpe- 
AeJIHIOTCH 3aAaHHbIMH BHeniHHMH HanpH>KeHHHMH X n H y„, AeHCTByiOmHMH 
Ha IKOHTyp OTBepCTHH, a hmchho: 

s 

/,+</*“/ f (X n +iY n )ds. (12) 

0 

* Cm. [ 81. 
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B cjiynae HeorpaHHHeHHoft o6jiacTH c OTBepcTHeM h npn OTcyTCTBHH Ha- 
npH>K€HHH Ha SecKOHemiocTH <{)yHiKUHH <p (£) h tf> (C) cJieayeT onpeiaejiHTb. 
no cjjopMyjiaM * 

(13) 


nte 


*( 0 = 


v* ^ 2ni J 

r 

*<»— s?/ 


{f\+if\)do 
*-£ ’ 


(f\+ifl)da l+zn£ a 
ff-C f <?~m 




r 

/:+//: =/i+//. 


X+iY t *-iY a 2 +m 

2^ “ 27 I (l+x)'l-ma 2 - 


(14) 


(15) 


(16) 


Bbtrne npHHHThi cneAytoiime o6o3HaneHHiH: 

AT h Y — cocTaB^HiomHe maBHoro BeKTopa bhcuihhx cha, AeftcTBy- 
JOIUHX Ha KOHTyp OTBepCTHH, 

x = 3 — 4v — b CAynae nAOCKoft aecjjopMauHH h 
3— v 

x= — B CAynae nAocKoro HanpaHceHHoro coctohhhh, 

v — K03(f)(})HUHeHT flyaccoHa. 

PaccMOTpHM noApo6Hee cjiy^afi sjyiHnTHqecKoro OTBepCTHH ** (pnc. 3) 

C U,eHTpOM B TOHKe 0(£ o, 1?o). 

Bbi6epeM Hosyio CHcreMy KoapAHHaT xOy. 

OTo6pa>KaK)maH cfjyHKUHH (2) npn n = 1 ynpomaeTCH h npHHHMaeT bha. 


HamoMHHM, mto z = x + iy = re 0 — KOMnjreKCHoe nepeMCHHoe b oSAacm, 
3aHHTofl HdcjieAyeMbiM TejiOM, a ? — KOMnjieKCHoe nepeMeHHoe Ha hjiockocth 
t=x l + iy l = $e‘*. 

i/paiBHeHHe ajuntnca 6yaerv 

* + Ml = j (17) 

i? 2 (l +7n)* + i2 2 (l-m) a 1 v ’ 

hah b napaiMerpHnecKOH <J>opMe: 

x = .R(l + m) cos 8, y= R(\—m)s\n.8. (18) 


06o3Ha’iafl nepea a b 0 6oAMiiyio h Majiyio noAyocn oroepcTHH, h m ec m 


_ a 0 +6 0 
“ 2 ’ 


m = 


a 0 + b 0 ' 


(19) 


* Cm. [4], 

** Cjie^yeT HMeTb b BH^y, mto BepxHHH qacTb naTepHbi ruioTHHbi xoporno anpOKCH 

MKpyeTCH sJiJiHncoM. 
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3anmueM xaioKe oieAyiomHe BcnoMoraxeji'bHbie aaBHCHMocxii: 

blx (1— m)cos6 


cos &= 

sin >> = 


M aty* + blx* V 1 — 2/n cos 26 + m 2 ’ 

a off (1 +m) sin 6 

\< a l y 2 + blx 2 |/l— 2m cos 26 + 111 *’ 


(20) 




y^HTbiEaB, xxo HamaAO KoopAHHaT nepeHeceHo b tobkv O(|o vo), 
t. e., wo ’ 


■*-£—£<>; y=v-y a , 


( 21 ) 


a TaioKe csnsb MejKAy HanpajKeHHHMH b Kp h boji h hch h bi x h ACKaproBbix 
KOopAHHaxax, ncviyHHM c.xeAyioimie Bbipa^teHHH tvtsi Hanp>i>KeHHH Ha koh- 
Type npeAnojiarae.Moro ajijiHnxHHecKoro OTBep cxhh ot aohctbhh co6cTbch- 
Horo Boca: 

2 2 

o r£o - 3 (1 +/n) COS 6 ; 


«i = 


. JL. 

6a’ 


( 22 ) 


^ YVo ~ ^ y-B(l — m) sin 0. 


BeKTop HanpajKeHHfl X n -\-iY„ Ha KOHxype SAAnnca HaxoAHM no (JjopMyjiaM 


X n — cos 'V 4- r’^ sin &; Y n — cos & + a* sin 

HciKWIb3yH iBblp 3JKCHH H (20), TIQJTyHHM 

X _ °\Q-—ni) cos0+i^(l+/n) sin 6 
^l— 2m cos 20+zn 2 ’ 

y _ T L,( 1 — /n)cos0+ffi(l+m)sinfl 
1/1 — 2m cos 26+m 1 

Hafl^eM (jjyHKpHK) + noAb3yncb <$>opMyAaMH (24) 


(23) 


(24) 


A 

A+ //*=*' J 


°1(1 — m) cos 0 +t* (1 +m) sin 0 


o L 


v - — _l_ 

]/ 1 — 2m cos 20 + 111 * 


+ l-m) cos«+ffJ(l+n?)sin<9 
1'1 —2m cos 26 + m i 


ds. 


(25) 


npeoSpaayeM Hiixerpaji (25); aah axoro ipaccMorpHM <J)yH«imio, oxotfpa- 
JKaromyro oKpyjKHocxb Ha ajumnc, 


Ha KOHType ajijnmca 


^ — o(f)— ij(f+ — j . 


ds = | dz | = R 
rAe ff=e'8. 

10 


1- 


m 


| e£ | = 22 1 \ dd = R\ £t- m | A , 


(26) 


(27) 
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rio.ncTaBH'M sHawenwe ds b HHTerpaji (25) 

f 1 + if» = sj {<£(1 — m) cos Q+T\ y (\ + m) sin 6 + 

+ /[r^(l — m) cos (1+m) sin 0]}^- . 
Bocnojib30BaBUiHCb, aajiee, 4)opMyjiaMH (22), nojiy^HM 

/,+// 2 = y y'jf— 2| 0 — 2i?(l+m) cos 0](1 — m) cos 6 + 

+ [— tj 0 — R(l — m) sin0](l+m) sin + 

+ (y jj[~ Vo—Ril—m) sin<9](l-/n) cos 6 ~ sin 6 j V ’ 
Flocjie npeo^paaoBaHi - h HMeeM 

A + 1/2 = -Eg- J j— 2|o(l— m)cos 6— 222(1 — m*) cos* 0 — 

— Y) 0 (l+m) sin 0— R(1 —m s ) sin* 6 + 

+ i »7o (1 —m) cos 6— 22(1 — m*)sin0 cos 6 — ^(1 +m) sin Jy . 


Hasce, BOcnoJib30BaBUiHCb BcnoMoraTejibHbiMH coorHomeHHHMH 


1 / , 1\ 

COS o = K ff + T j 


1 / 1 


sm0 = ^a — - ; 


sin0cos0 = ^.|a*-^); 

sin*0=-|;(«J ! + ^i -2); 


cos* 0 = j ( a* + ^ + 2 ) ; o — e' 9 , 


nojiyqaeM 


/1 + //2 — -R;r j — g 0 (l — m) (a 


1\ 22(1— m 2 ) /a* 1 


2 2<j* + 2 ln a ) 


* (1 +m) ~ (0+ i.) 4- — 4 -— } (y - ^5 - 2 ln a) + 

~L^ +m) Yi{ a+ 91! +c ' 


/,+Z/rJiJ-N — |o(l— m) 


t)o(l+m) f?/ 0 (l— m) 1 +m 

2 1 2 4o 


1 1 n „a %( 1+/7J ) , i%(l-m) 1 ] 

+ - |o(l-/n) y + 5 45 (1+77?) + 
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+ a* 


+ 


a* 


flQ-CT 2 ) R(l-m 2 ) ij(l-m)* 

* n ~ 8 

-R( 1— m 2 ) 


+ 


-R(l-m 2 ) £ 


+ Ina 


4 "8 (I"* - )— ^8 

- «(1- m 2 ) - + C. 


OKOHvaTejibHo: 


/i + if, = R I j 6'ff+c' + e'a 2 + A' ^ + 4' l n a J + C, 


(32) 


We 


b=R^a' = 

c = R b ' = 

y 

e=R^e r = 


> ,, , l + *n 

~§o(l JK) ^ +??o 777 / 


3 ’ 


?0 (1 m) + tj 0 i 


yR 
~3 5 


X [1— m*— (1 — ot)*J = 1); 


A_ I* ,= T^ ~/n) 2 ] = ^- m (1 -m); 

■4 = -B|- j 4'= — ^ yjR*(l— /72 s ). 

3 anHiue-M (^vhkhhio / j +// 2 b hobmx o6c)3na i rcHHHX 
/i+// 2 = 6a+cj- + eff*+ A^ + ^lnff+C. 
CoCTaBHM <J)yHKU.HIO * 


HJIH 




— — (A J rifi)+A ln o 


A <J 2 +m 
( i +*) * 


f\+if\ — —ba—c — — eo*—k ^2 + rx~ 

a 2 1 + x 


o 2 +m 

1— zna* ’ 


(33) 


(34) 


(35) 

(36) 


HafijreM, Aajree, rjiaBHbiH bcktop HanpHJKCHHiH, bosh h K aiomH x Ha koh- 
lype npeznrcwiaraeMoro ajuiiwnTHHeciKoro orsepCTHH b niapatkwumecKOM 
KJIHHe (pHC. 3) nOtH BJIHHHHeM CofiCTBOIlHOl'O PSCa. 

x+K=-m l +i/, ]«»• = f( Xn +tr,)dB; 

X+iY=—i (2 niA ) = 2 nA = —nyR* (1 — m 2 ); (37) 

X=2 nA h Y=0. 

* B npaBofl qacTH (35) nepea ft if 2 nociaBJieH 3 hbk MHHyc, tsk ksk nna toto, 
MTOOM OCBOOOZJHTb KOHTyp OTBepCTHfl OT BHeiUHHX HanpHHteHHH, HeoSxOiUHMO npHJIOJKHTb 
k 3TOMy KOHTypy ycHJiHH, anpeflejweMbie <Jx>pMyjiaMH (34), ho npoTHBonoJib>KHo Hanoa- 
B^eHHbie. K 


12 
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rio;ib3yflCb (J)opMy^iaMH (15), HaftAeM y>o(0 h tp t (£) 


c k 

<Po(0= - £-£> 


b 

- 6 + ^ • 

l+£ 2 m 

^4/n 

J+mC 2 

c 2/ti 
(C 2 C 8 / 

f 

C 2 (1+*) 

f 2 777 

1 +x 

^ 2 -m i 


*A>(0= 


riepenHiueM (38) b n epaoH an a ji bh h x o6o3HaqeHHHX. 


(38) 


*o(0= f 


— lo(l— /nH- 


1 + m 


4o 


H o 


yR yR* ,l 

3 12 ^ s > 


Vo (0= | I. (l-m)+ +i*] 0 m Y + r -^m (1 - m) ^ - (39) 

?.R 2 (1 — m 2 ) l + ? 2 m ^l+mf*fc , 2k\ 

2(1+*) ' C 2 ~m f \f* + /:*/• 

HCKOMbie 4>yHKUHH <p H f Ha 0CH0B3HHH (|)opMyji (13), (14), (38) H (39) 
mo/kho aanncaTb b bhac 


9>(0 : 


_ yi? 8 (l-m 2 ), y..vR\+, 1N m + 1 
2(1+*) ln ^ + 3 [ ?0 ^ m 4 a lVo 


1 




y& 1 

yR 2 (l~m 2 )x yRft m + \ 

^(ThT - ln ? + S { 1 11 (1 “ m > + ST + 

+ / „J. 1 I 1 3ffU-m») (1 + mi <) l 

*"] { + 4 f 5- ~2(l+*)(C’-m) }“ 

y/?, l+m? 2 f[ 1 + m . 

“3 4 a - /«> — +vo 

Bboah conpameHHbie o6o3Ha il ieHHH 


(40) 


1 m(l— /n)5 1 

2 *f» 


!• 


y.R 8 ( l— m 8 ) 
u 2(1 +x) ’ 




5.(1-”) + ^ 


// = 


ji2 


^0 ( 1 -/ 77 )- 


1 + ffl 

4a 


S= 


y-K'lo 


(41) 


m(l— m)yi? 2 
7 6 5 


ncwiynaeM 


<P (0 - In ?- (ff + 75) | - I T ^ ; 

tM0=-(7*ln £-(<2-/mS)i + A r j_ _ 


1+m? 2 

? 2 -m 


<7+(tf+/S)^ + yi 


(42) 
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JJjth onpeaejiemifl Ha.np5i>KeHH0 b AonojiHHTejibHOM coctohhH'H oSpaTHMca 
k cjjop.MyjiaM H. M. MycxejiHiuBHjiH 


(f+o“=4ite[ff(5)]; 

2C S 


(jll— (jrll 4- 9/VlI = 


{®(O0'(O+"'GmO}, 


r^e 


m) = ^- = 

/ y-\ nQf + m) „(b* — m) 

«(0=-8 — £ — » ©'(0 = -B ^i“^- 

^H(})(})epeHU,Hpyfl (42), noAyHHM 

p'(0=Gi + tfy+iS)A+T^- = 2* 

* b S 7,_1 O Q 4 


V G) = ~ a *\- + (Q t«S) i - ± T I + 


+ 


1 +ct£ 8 

<?—m 


{H+iS) k +2T~ 


2(m 2 + 1)? 
(C 8 -m) 1 


(43) 


(44) 


+(#+/£)[ +T~ 


— * /« 
*=1, 2, 3 b 




■Ai — G\ 
E^-xG; 


^ r k ^ 

A=0, 1, 2, 3 b 


A*=H+iS\ 

A S = T; 

E 3 —Q—imS; 

E ^~l 

B 1 = 2mT; 


B S = 2T; 



(45) 


C-i = 2G(m 2 + 1); C 0 = 2(m 2 + l)(H+iS)\ 

C'i = 2(l+m 8 ) 7\ 

OopMa n p€ACT 3B A6HH H ?>'(£) H Ip' (?) B BHAe (44) 0Ka3ajI<aiCb BeebMa 
yAOfiHOH B CBH3H C AajIbHeHIIIHMH AOBOJIbHO TpyAOeMKHMH BbIKJiaAK3MH *. 

Tax, KOMnji&KCHOH kom 6 hh 3 ahh (43) HanpHJKenHH yAajiocb rapHAaTb kom- 
naKTHyio (J)opMy 


fl?-o?+2/zn=Z,+J^, 


rAe 


^?+m{ 2 fV(0 1 1 , 

= ~ J , ^ A (my-V( 4 - A >9 - ? 8-i e -tt0) + 

k=l 

+ -~j. V 7 (2 —A) A k (Q*~ k e~ ikB + mQ 2 ~ k e l e ); 


(46) 


(47) 


BbiKjiaAKH npoH3BO^HJiH B. Mhta3Hhckhh h n. A. 3pen6ypr. 


H 
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rae 


= 2 +l 

* 

. k 


2£* o»'(0 


1 k E t (Q , e i{2 ~ k) e — me~ ik ^) + Q~ k B k e - ik 0 ] + 

J_ 

z/ 

J 

//=m 8 -2mfi 2 cos 20+p 4 . 


+ Z? 0 + C7 a £> A [?* e_ * <2+i)e — me~ ik Q] J , 


*=— 1, o, 1 


(48) 


(49) 


4. PacneTHbie (jjopiviyjiM ajih HanpHweHHH 


Ha ocHoeaHHH 4>opMyji! (43), (44), (46) h aHaneHHH (42) <J)yHKpnH 
9 H?) m V f (^) cocTaBjieHbi (jj'op'Myjibi /yin HanpH^KeHnn b 6ecKOHenHOH njio- 
CKOCTH C 9 JI JTHTITHHeC KH M OTBCpCTHeM L\ (pHC. 3), iK KOHTypy KOTOpOrO IIpH- 
JK»KCHibi BneiuHHe ycHJiHH, paBHbie no Bejinmnne, ho npoTHBonojio>KHbie no 
3 nany Hanpn>K€HHHM, B03HHKaK>in l HM b TO^nax stopo KOHTypa b napa-6ojin- 
necKOM KjiHHe ot achctbhh co6cTBeHHoro Beca. 

K 3thm Hanpn>KeHHnM cjie/jyeT ,ao6aBHTb cocTaBjiHK)nj,ne Hanpnn<e- 
hhh aj, h rj 0 , Kanne SynyT Han^eHbi H3 (22) Ha ocHOBaHnn (})opMyji 
npeo6pa30BaHHH 


a ' +(j o _ ' r ' +, y 

°\~ a i +2h u = + 2*y e * ? > 

0 2i? — 

p 8 ®'( O' 

Onycttan •no&poSubie BbiiKJiaAKH, npHBoaHM OKonnaTejibnbie pacnembie op- 
Myjibi jinn Hanpn>KeHHH b ctjiockom napafiojimeaKOM ittjinne c MajibiM sjijih- 
nTHnecKHM oTBepcrneM npn ^eHCTBiiH cO'ScTBCHHaix) Beca: 


r^e e 2 


00 + ^= — g 


^ + 2| 0 +2i2^+ y)cos0 


+ 


+ 


3 zf 


—mH a + 


m 


— 7^0 I cos ^ + 


+ H q q 2 cos 20+ T 0 $ cos 30+Q 2 rj o sin 20 l ; 


(50) 


c e —<f e — ^ ? 2 j — ^ 3 — 2/n(> — + p-j cos 0 + 

+ y (?*+ ^r) cos 28+ mB (q+ *) cos 30+% (?*- sin 2?} + 

+ ^{(Q» + ™#°)S' 2 + [(l-*)^? 3 + (2m— T 0 q+ 

+ m ('. + 1)G 0 Q — ^T 0 J cos 0+(/f» — m@ 0 )cos 20 + ^ ^ 7 0 cos 30+ (51) 

+ % (m 2 + 1) sin 20J + ^ {-m (m 2 + 1) tf t? »+ [m (m~ 1 - m*)T 0 Q- 

-(m~ + l )(m-^-)G 0 Q 3 -Go^] cos 0+tf o ? 2 [m 3 +(m 2 +l) ? 2 -(> 4 ] cos 20 + 

+ ? 3 [m 2 (? 0 + (m 2 + 1) T« -To? 2 ] cos 30- 
— %(> 2 [/n a — (m 2 + !)?* + £> 4 ] sin20 }; 
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T?9= ^/{ 2ffl *?o+- B + 2m P~ 2m *^ — sin 6+ 

+ y( q2 ~ y) sin26+mR (? _ sin se-no (?*+ cos 25 } + 

+ ^{[~ 0-+*)GoQ s — (2 m— T 0 g + m(l- x) G 9 q + mT 0 j sin 6— 

— (HQ—mQo) sin 26 + T 0 sin 36 4- j? # (m s 4- 1) cos 2 flj + (52) 

+ ^f t {~ m(n2 2 + l)>j () 9 2 +4»[m(/7i 2 +/n + l) T^— (m*+l) (m+§*) <? 0 (»*+ 

+ G 0 q«] sin 64-Zf 0 (> s [/7i*— (m 2 + l)(>*+? 4 ] sin 20 4- 
+ [/n*(?o— (/n 2 +l)T 0 +2’ 0 (> , J (> 8 sin 3^H-»? 0 ^ S [m* — ^> 4 +(/7i a +l)^>*] cos 26}, 


rfle 


A—m}—2m^ cos 2 0 +(> 4 ; 

1 


o = 2S 0 - 


2a’ 


r 3(l-m») 

2(1 4 -x) ’ 

(53) 


^0 = 


_ m(l~m) 


R; 


Qo=?o(m— 1 ) — 


4 a 

l + m 
4 a 


riojioTKH'B b (50) h (51) 0=1, nojiyHHM (jDapMyjiy Ana HanpajKeHwft 

HS KOHType SJIJTHnTHVeCKOrO OTBiepCTHH 


+ 


A 


ff 0 = !{[-^- 2 ^ -2i2 ( i+m ) c ° s #] + 

-mff 0 +((? 0 - mG,- mTo) cos 04-/7, cos 26+ T 0 cos 304-% sin 20 


}, (54) 


r^e z/j = /7i 2 — 2m cos 264-1. 

HaHACHHoe BMiue pemeHHe Aacr B03M0>KH0CTb /ierao nojiyaHTb cpop- 
Myjibi ajih HanpHJKGHHH b n ap a 6 o jih necKO m KJiime, ocjiaSjieHHOM KpyroBbiM 

oTBepcTHeM paAHyca R. 

FIoaojkhb b (50) — (52) m = 0, nojiyaHM 

^{(^^[(fH + fhi + ¥S-7-^(f)>«- + 

[,„ sin 20 - (i -u) cos 20 ] [-1+4 (|)' -3 (f )‘] }| i (55) 


4- 




3x 22 5 — x 


f 


(> ' l+x 

- [ (a -&) cos 29 -1. sin 2«] [ 3(| )' +l] } | ; 


It COS 6 

(56) 


A>e 


-G[ 


2 i. + L_fe . * 

i? ^ 1-* e 


-£(?)*] 


.R cos 6 — 


- [(i-s*) sln2#+ '>i cosM ] [ 1+2 (t)’ _3 (f)1}f- (57> 
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Ha KOHType KpyroBoro oraepcTHH (@ — R) owpyjKHbie HopMajibHbie 
HanpajKeHHH cJie^yeT onpeAeJiHTb no (JropMyjie 

( ff e) f =a == { - (lo+ i) + cos e+ 

+ 2^|«-^)cos2<9+i? o sin20l||. (58) 

TC 

floJIOJKHB B (58) 5=2’ HafiACM M 3'KCHiM 3 A bH yiO B6AHnHHy H 3 n pHJKGH H H 

b Tonne nepaceneHna ropn30HTajibHOH och c KornypoM oroepcTHH 

(3-^). <*>> 

OKpyjKHoe HopMaJibHoe HanpaJKeHHe cnjioinHoro kjihh3 b toh we Tonne 
| 'q = R; 0= nojiynnM H3 (56) 

(«e)o = -|f.y. (60) 


C^e^oBaTejibHO, KOS^nuneHT KOHueHTpauHH Hanpa>KeHHH b 3Toh Tonne 
paiBeH 

( )max ~ 1 

(*e)o ~ 4 ^o«‘ 

Oh 3aBHCHT OT nOJIlO>KeHHH OTBepCTHH OTH'OCHTeJIbHO BepiUHHbl 0 (pHC. 2) 
h ot TiaipaMCTpa a , BXOAHmero b ypaBHeHHje (1) napa6ojibi, orpaHHnHBaio- 
iueS p a cc m aTp hb a e m bi h kjihh. 

Onpy^Hoe HopMaJibHoe h a np h >k€ h H e Ha KOHType npyivioro otbcpcthh 
B TOWe C »HOOpAH«aTaMH Q = R, — 0 paBHO 

w=-s[ 3 -«-“-^ )<,fi ] ; l62> 

6eTOHa npH v = ^ oho paBHO 

(a 9 )0 = _ ^ [3_4a(lo+0>li?)] - (63) 



Tan KaK corjiacHo (56) hjih (20) b cruiomHOM kjihhc b toh >ne Tonne 



TO K03(J)<cj) H H,H e HT )KOHU,eHTpaUHH Ha!llp5I2K6HHH B 3TOH TOHKie paBeH 


w 

(°e ) 0 


[3-4a(g 0 + 0,lfi)]. 


(65) 


5. IlpHMep pacqeTa 

PaccMoxpHM B-apnaHT njioTHHbi, HMeioiueH npo^HJib, noKaaaHHbiH Ha 
pHC. 1 IiyHKTHpHOH JIHHH6H. 

Ctuiouihoh jiHHHefl HaHeceHa napaSojia £ = 0,055*? 2 , napaMerp a = 0,055 
KoropoH noAo6paH Tan, htoSbi TroJiynHTb HanSojibrnee npHfijiiOKeHHe k sa- 

2-53. 17 
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AaHHOMy rfpot})HjiK> riJioxHHbi b BepxHeS ero qacm Pa^nyc otbcpcxhh 
/?=1,25 m, Koop^HHaTbi ero uempa (pnc. 4) | 0 = 7,5 m\ t ? 0 = 0; oC^eM- 

HbiH Bee 6eTOHa y = 2,4 m/M^\ K03(f)(f)HUHeHT IlyaccoHa v=~. 




no 4 >opMyjiaM ( 10 ), ( 19 ) h ( 20 ) BbiqHoneHbi cocxaBJUHiomHe Haripn- 

TC 

>KeHHH <r^ <J r h b C€H6hhhx 6=0; 8 — - h 0=n cnjioui«oro napa- 

(SojIHHeeKarO KJJHH 3 . OhH HaHeceEbl JlVHKTHpHOH JIIHHHGH Ha pnc. 4 , 5 H 6 . 
HanpHJKeHHH b napaSoJiHqecKOM KJiHHe, ocjia 6 ji€HHOM KpyraBbPM OTBep- 

cthom pa^nyca R= 1,25 m onpeftejieHbi no (JjopMyjiaM ( 55 ) — ( 57 ). KpHBbie 
18 
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HanpaxeHHH <r Q h HaneceHbi Ha Tex >Ke (jwrypax ciuioiuhoh jih h hoh . 
OpAHHara KpHBbix noMemenbi b Ta6ji. 1,2 h 3. 




Phc. 7. 

OKpy>KHbie HopMajibHbie HanpHKeHHH Ha KOHType OTBepcTHH q = R 
BbiHHCJieHbr no (jx>pMyjie (58) . HaHAeHHbie BejiHHHHbi noMemeHbi b Ta6ji. 4. 
Sniopa #9 b TOHKax KOHTypa OTBepcTHH BbraepHeHa Ha pnc. 7. 

rpaHH^Hbie ycJiGBHH Ha KOHType njioTHHbi He Bnojme yAOB ji eTBop h kxpc h . 
Tan, b TOHKe A (pnc. 5) HanpH^KeHHH o Q = 0,14 mlM 2 , a b TOHKe £ Hop- 
MaJibHbie HanpH>KeHHH = — 0,8m/M 2 , a He paBHbi Hyjno. Oah^hc bth 
BejItHHHHbl MaJIhT HO CpaBHCHHIO C HaiTpfDKeHHiflMH B T€Jie TTJIOTHiHbl BOKpyr 
OTBepcTHH. 
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T a 0 ji u u a 1 

Hanpsi>KeHHfl b ceneHHH 0 = 0 


Tohkh 

Q 

(M) 

B CIUIOIUHOM KJIHHe 

npH HSJ1HHHH OTBepCTHfl 

°6 

(m/M 1 ) 

(m/M 1 ) 

T ed 

(m/M 1 ) 

°o 

(m/M 2 ) 

(m/M 1 ) 

(m/M 2 ) 

1" 

1,25 

—7,272 

-14,000 

0,000 

-10,040 

0,000 

0,000 

r 

2,25 

-7,272 

-15,600 

0,000 

- 9,356 

- 9,120 

0,000 

3" 

3,25 

-7,272 

—17,200 

0,000 

— 8,760 

-13,632 

0,000 

4" 

4,25 

-7,272 

-18,800 

0,000 

— 8,224 

-16,512 

0,000 

5" 

5,25 

-7,272 

-20,40 

0,000 

- 7,936 

-18,784 

0,000 

6" 

6,25 

-7,272 

-22,00 

0,000 

- 7,776 

- 20,760 

0,000 

7" 

7,50 

1 

-7,272 

I 

-24,00 

0,000 

- 7,632 

—23,080 

0,000 


T a 6 ,i h u a 2 


71 

Hanps>KeHHfl b ceneHHH 0 = — 


Tohkh 

Q 

(M) 

B CIIJIOllJHOM KJIHHe I 

npH H3 JIHHHH OTBepCTHH 

0 a 

(m/M 2 ) 

(m/M 2 ) 

t «6 

(m/M 2 ) 

% 

(m/M 2 ) 

°e, 

(m/M 1 ) 

(m/M 1 ) 

1" 

1,25 

-12,000 

-7,28 

1,000 

-28,720 

0,000 

0,000 

2" 

2,25 

-12,000 

-7,28 

1,800 

-15,664 

-6,552 

1,487 

3" 

3,25 

-12,000 

-7,28 

2,600 

-13,584 

-7,004 

2,369 

4" 

4,25 

—12,000 

-7,28 

3,400 

-12,888 

-7,216 

3,214 

5" 

5,25 

— 12,000 

-7,28 

4,200 

-12,626 

-7,248 

4,052 

6" 

6,25 

—12,000 

-7,28 

5,000 

-12,392 

-7,264 

4,877 

7" 

7,25 

-12,000 

-7,28 

5,800 

-12,048 

-7,271 

5,694 

8" 

8,25 

-12,000 

-7,28 

6,600 

-12,039 

-7,276 

6,508 

9" 

9,25 

—12,000 

-7,28 

7,400 

-12,028 

-7,278 

7,318 

10" 

10,25 

-12,000 

-7,28 

8,200 

-12,013 

-7,279 

8,128 

B 

11,70 

-12,000 

-7,28 

9,366 

-12,005 

-7,286 

9,310 


Ta6 JiHua 3 


Hanpfl>«eHHfl b ceneHHH 6 = jt 


Tohkh 

Q 

(M) 

B CnJIOlUHOM KJIHHe 

npH Ha JIHHHH OTBepCTHH 

°6 

(m/M 1 ) 

(m/M 1 ) 

(m/M 1 ) 

°e 

(m/M 1 ) 

°9 

(m/M 2 ) 

t P 9 

(m/M 1 ) 

1 

1,25 

- 7,272 

- 10,000 

0,000 

- 9,640 

0,000 

0,000 

2 

2,25 

- 7,272 

— 8,400 

0,000 

- 9,296 

- 4,432 

0,000 

3 

3,25 

- 7,272 

- 6,800 

0,000 

- 8,328 

- 5,000 

0,000 

4 

4,25 

- 7,272 

- 5,200 

0,000 

- 7,688 

— 4,528 

0,000 

5 

5,25 

- 7,272 

- 3,600 

0,000 

- 7,640 

- 3,120 

0,000 

6 

6,25 

— 7,272 

- 2,000 

0,000 

- 7,552 

- 1,720 

0,000 

A 

7,5 

- 7,272 

0,000 

0,000 

- 7,448 

+ 0,135 

0,000 
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T a 6 ji h u a 4 

OKpyiKHbie HopMa^bHbie HanpHweHHH Ha KOHType oTBepCTira 

0 0° 15° 45° 75° 90° 105° 135° 165°, 180° 

a$(m/M 2 ) -10,04 -11,312—19,424—27,488 -28,72 -27,392—19,136 -10,928 -9,64 



Phc. 8. 


PaccMorpHM cjiyq-a.fi sjijMinraqecKoro otbcpcthh (pnc. 8) c SojibiuoH 
nojiyocbio, paBHOH 

2,5 i o* 

a o = ~2 = !> 25 M > 

h Majioft nojryocbK), paBHofi 

2,0 

b 0 = = 1,0 

Tanaa (|)opMa oTBepcTHH xopouio anpoKCH- 
MHpyeT BepxHioio cboio qacTb KOHTypa naTepHbi 
(pHC. 1). PacriOJIO)KHB UeHTp OTBepCTHH B TOHKe 

c Koop^HHaTaMH £ 0 = 7,5 m, r) 0 = 0, onpeAejiHM 
no (})opMyjie (54) BejmraHbi oKpy^Hbix Hanpn- 
>KeHHH Ha KOHType ajiJiHnTHHecKoro otbcpcthh. 

Pe3yjibTaTbi npHBeAeHbi Ha pnc. 8, r^e AaHbi 

BeJIHHHHbl HaHAeHHbIX HanpH>KeHHH. 

AHajiH3Hpyn noJiyneHHbie pe3yjibTarbi, cjie- 
AyeT o6paTHTb BHHMaHHe Ha oaho cymecTBeHHoe o6cTOHTejibCTBo. B napa- 
6oAHHeCKOM 6eCKOHeHHOM KJIHHe, OCJia6jieHHOM KpyrOBbIM OTBepCTHeM, or 
AeHCTBHH C 06 CTBeHHOTO Beca He B03HHKaiOT paCTHTHBaiOUlHe HanpHH<eHHH, 
onacHbie jxjih coopynceHHH H3 SeTOHa. 3 to cjieAyeT H3 toto, hto 30Ha KJiHHa, 
OKpyHvaiouxaH OTBepcTHe, HcnbiTbiBaeT c m a t h e b Anyx HanpaBjieHHax 
(pnc, 9). 
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Ha 9T0 OdCTOHTejlbCTBO He o6paTHJIH BHHM3HHH aBTOpbl, 3aHHMaBIHHeC5I 
HCCJieAOBaHHeM KOHueHTpauHH HanpHHveHHH b TpeyrojibHOM KjiHHe c Kpyro- 
bwm oTBepcTHeM, rj\e anajiorMHoe HBjieHne Taione HMeeT MecTo npn H3Be- 
CTHblX yCJIOBHHX. 

B 3aKjiK>HeHHe saMeTHM, hto fcejummihi m aikch m a ji b h bi x HanpnjKeHHH o 0 
Ha KOHType OTBepcTHH b paccMOTpeHHofi 3Aecb 3aAaHe mo>kho nojiynHTb 
npHfijiHH^eHHo Ha ochobc MeTOAa, H3Jio>KeHHoro b Apyrofi pa6oie aBTopa. 
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HHCTHTYT CTPOHTEJIbHOH MEXAHHKH AKAAEMHH HAYK YCCP 
1953 CBOPHHK TPy£OB M> 18 


OnPEAEJIEHHE HAnPJDKEHHH B MACCMBAX OT AEHCTBHfl 
COBCTBEHHOrO BECA C YHETOM nOPflAKA HX B03BEAEHHA 

3. H. Paui6a 


B CTaTbe paccMOTpeHo HanpHJKeHHoe cocTOHHHe MaccHBHWX co opy nee hh h hoa Aefi- 
CTBHe.vi hx codcTBeHHoro Beca c yneTOM napHAxa bo 3B6 aghhh. Ha npHMepe riOKa3aHO, 
hto oSbiHHufl pacneT, He yHHTbiaaiomHH nopHAKa bosbcachhh, MO>KeT npHBecTH k cyme- 
CTBeHHofl norpeniHOCTH. 


HanpsnKeHHoe coctohhhc HBOTponHoro MaocHBHOTo Tejna, HaxoAHmerocn 
noA AeiiCTBiieM co6cTB€HHoro Beca, onpeAeJineTCH yp a.B h e h hhm h paBHoaecHH 


do x dv yp 

ox + Jy + « 9=0; 

, da^ _ n 
dx dy 


( 1 ) 


(ocb Ox Hanp-aBJieHa bhhb) h ypaBHCHHeM oobm eci hocth Ae<J)opManHH 

F>, + <*) = 0 ( 2 ) 

npn co6juoAeHHH rpaHH'HHbix ycjioBHH (njicoKan sajima) . 

B to BpeMH KaK ypaBHeHHH (1) He cRH.3aHbi c k a kh mu- jthi 6 o cneuHajib- 
Hbl'MH npeAnOJIOKeHHHMH H HBJIHIOTCH BeCbMa o6miHiMH, BbIROA ypaiBHeHHH 
oo-BMecTHOCTH (2) npeAnojiaraeT, hto ynpyroe tcjig ccfxDpMHpoBajiocb npn 
OTcyTCTBHH RHeuiHHx chji h HarpyQKH SbiJiiH .npHjiOHoeHbi no35Ke. C Apyrofi 
CTOpOHbl, npH BOBBeAeHHH MaCCHBHbIX CO 0!p y >KeHH H , iB KOTOpblX HanpHJKeHHH 
OT Aeii’CTBH'H C0'5CT BCH HOT O B-CCa HM 6 IOT CymeCTBCHHOe BHa^CHHe, Bee Ka>K- 
Aoro cjioh coBAaeT Ae(j)opMau,Hn b yjiomeHHbix paHee cjiohx eme ao Toro, 
KaK HaA HHM B 03 BOAHTCH CJICAyiOmHe CJIOH. FIoaTOMy ypaBHCHHe COB.MeCT* 
hocth ( 2 ), BbipaHtaioiuee ycjiOBHe coxp a hchhih chjiouihocth ynpyroro Tejia 
nocjre npnjioxKeHHH Harpy3KH, TepneT cmmcji, nocKojibKy b paccMaTpHiB-aeMbix 
3 a AST ax cpopMH'poBaHHe ynpyroro Tejia npOHCXOAHT b npo-uecce narpyateHHH 
h iKOH(J).HrypauHH ero hoctohhho MCHHeTCH. 

Ha oKaaaHHoro Bibiine cjieAyer, hto h a np Hi>KeH Hoe cocroHHHe aaBHCHT ot 
nopHAKa bo 3 B€AGHhh coopyjKeHHH. HanpHJKeHHH b kh>kaom cjioe nojiy- 
HaiOTCH cy m MH p ob a hhc m AeftcTBHH iBcex cjioeB, yjiojKeHHbix nocjie AaHHoro; 
HanpHJKCHHoe coctohhh€, coBAaiBaeMoe KancubUM hobbim craoeM, aoajkho 
onpeACAHTbCH npH Ton koh<J)h ry p aujiH , KOTopyio HMeeT coopy>KeHHe Heno- 
CpeACTBeHHO AO BOBBeAeHHH 3TOHO CJIOH. KaK BHAHO H3 IlpHBOAH MOTX) HHHCe 
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npmcepa, HanpHJKOHHoe coctohhhc, HaH^eHHoe t^ikhm oSpaaoM, uomerr cyme- 
CTBeHHO OTJIlHHaTbCH OT OHipe^ejUHeMOrO CHCTeMOH ypaBHCHHH (1) H (2). 

B KamecTBe npnMepa paccMOTpnM HanpH^ceHHoe coeronmie 6ecKOHeH- 
Horo KjiHHa (pHc. 1), BOGHHKaiomee ot AeflcTBHH co6cT&eHHoro B-eca. Hanpn- 
memm b 6 ecKOH ©thom mime ot achctbhh co6cTB*eHHoro B*eca [1], yAOBjie- 
TBopnioiime CHCTeMe ypaiBHeHiHH (1) h (2), onpe^eJiHKyrcH Taic: 

[cos a cos /J sin (ft — «) /„ 1 sin 2a sin 2 /?\] 

U sin’ (fi+a) 2 sin 1 (£+«) /J ; 


Q(j sin a sin ft 
sin* (ft+a) 


[y sin (ft— a) + 2 x sin a sin ft}, 


( 3 ) 


Qg sin « sin ft ro a . to .. 

*„= “ sin» (/?+«) C0S “ cos P~ x Sm 

71 

Koraa a h /? yBejiH^HBaiOTCH, CTpeMHCb k 2 (cJiynafi ifiojibiunx yrjioa, 

Ba^Hbifl nipH paeneTe aeMjiHHbix hjiothh) , Harxpn>KeHHH <r s h r xy -SbicTpo 
pacTyr h b rape&ejie o6pamajoTCH b 6ecK0HeqH0crb, bmocto topo ™> 6bi npH- 
HHTb npe^ejibHbie SHa^eHBfl, coorBercTByiomHe HanpHaceHHflM b THJKeviofi 
nojiynjiooKOCTH. 




Phc. 2. 


Rj ih Toro qTo6bi hhcjiohho cpaBHHTb HanpH^KCHHH, onpe^oieJieHHbie H3 
ypaBHeHiHH (1) h (2), c tcmh, KOTopbie nojiynaJOTcn, ocjih «cKji,K>MHTb bjihh- 
hhc cjioeB, yjio>KeHHbix paHbiue AanHoro, paccMOTpHM 6ecKO«eqHbiH kjihh 

71 

c yrjiOM «= 2 (P HC - 2), B03B0AHMbiH 6ecKOHeHHO tohkhmh ropH30HTajib- 
HblMH CJIOiHMH. % 

Ha ypaBHeHHH (3) npK a= ^ nojiy^aeM: 

a x=-ggx-, o y == Qg tg ft(y 2 x tg ft)-, 

(4) 

t Jrjr == Q9% tg ft. 

npH BbinojiiHeHiHH paCTCTS' no npeAJiaraeMOMy Mero/iy cneayer AeftcTB«e 

KajKAOTO HOBOTO CJIlOfl 3aMeHHTb p a B H OM6p H 0 H BepTHKaJIbHOH HanpySKOH 
h npoH3BecTH HHTerpHpoBaHHe no BceM BbimejiejKanjH'M cjiohm npH nepeMeH- 
hom np<x})HJie OTKoca. Ecjih BAOJib ropHSOHTajibHoro pe6pa 6ecKOHenHOro 

KJitHHa c yrjiOM «= ^ h BeipuiHHOH b TOHKe (£, rj) npHjio^eHa paiBHOM ep ho 
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p acrrp eflevi e h h a a HopMajibHaa Hanpy 3 Ka q, to lioanifKaiomHc b HeM Hanpa- 
jKeHHH paBHbi [ 1 ]: 


«*(*-£, y~n)= -[ctg/J+ 0 -arctg ? 

ct gfi+fi+l V 


(AT-g)(y- T)) ] . 

(x-& + (y-v)'\' 


0j,(x-§, y~n) = ■ 

**,(*-?, y-Tj) =■ 


— f> 

+ Ti 


p _arctg^ + ? -^ ®(y V) 


y—r j 

r 'x-£ ' {x-!;y + (y 


ctg P+/3 i 2 
ctg/S+/3+ 


uL- 1 . 

-*)T 


( 5 ) 




HHTerpnpoBaHHeM aio BbimaneacaiAHM cjiohm nojiywaeM HarcpH^KeHHH 

n 

B TH>KejIOM KJTHHe C «= 2" H iBe P™HO« B Ha^aJie iKOOpAHHaT 


< (*, y) = wj a Ax-ly~Z tg /?) dg ( 6 ) 

0 

h oera.ibHbie aHajiorwHHO. B pesyjibxaTe HHTenpHpoBaHHH nojiyaaeTca 
(3Aecb r == \x*+y') 

a*= — j— [/?(l+2 sin 8 /?cos 8 /J)+cos 8 /S ctg/8 + ^-sin 8 ^1 *+ 

ctg j 8+/3+^ 1 L J 

+ sin /? cos /S ^2|S cos* fi+i^y + 2 cos 4 /3(*tg/3— y) ln^y — - + 

4- cos (j: cos /?+ // sin /?) arc tg ^ — 


- 2 sin , /) «••#(*■ tg /»-») «« tg j ; (7a >' 

a*= — 1 — 1 / 3(1 — 2 sin 8 /3 cos 8 / 3 ) + sin (8 cos /3 + ^-sin 8 /fl.*— 

ctg/ 3 +/?+ 1 J 

— sin /3 cos /J ^ 2/3 cos 8 /S — ^ y + 2 sin 8 p cos 8 /3 (x tg P~y) In - — - + 

+ cos j 8 (jc cos jS+y sin / 3 )arc tg^ + 

+ 2 sin § cos* /?(* tg *-*) arc tg J ; ( 76 ) 

t * = — — ;ccos 8 /J + 2 sin/?cos 3 / 3 (;i:tg/ 3 — t/)ln^^ — - + 

ctg/3+/3+J l r 

+ cos 8 /J (cos 8 /?- sin 8 /J) (at tg /?-//) J arctg ^ Q ~ +/»] } • ( 7b ) 

y>Ke KanecTBeHHoe Hcaie^oBaHHe 3acTaBjiaer npeAnonecTb (jsopMyjibi ( 7 ) 
cooTHOiueHHHM (4). /(eHCTBHTejibHO, HanpHJKeHHa, onpeae^aeMbie no ^op- 
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MyjiaM ( 7 ), BCKDAy kohchhh Ha juihhoh rjiyCnne x h nepexoflHT b (JjopMyjiw 
fljiH TfOKejiOH nojiyruiocKOCTH npn npn y — » — oo nacaTejibHoe Ha- 

npHweHHe onpeAejieHHoe no tjjopMyjie (7b), o 6 pamaeTCH b Hyjib. 


T a 6 JiHua 1 



* 

Offx 

** 

QffX 

♦cH£ 

C | C/ 

1 

_ A. 

QffX 

_ jC 

Qffx 

_ %x v 

Qgx 


no 

(jDOpM. (7a) 

no (jiopM. (4)j 

no 

(fiopM. (76) 

no (jiopn. (4) 

no 

(})OpM. (7b) 

no (})OpM. (4) 

0° 

1,000 

1 

0 

0 

0 

0 

5° 

0,867 

1 

0,C07 

0,008 

0,076 

0,088 

10 n 

0,741 

1 

0,023 

0,031 

0,131 

0,176 

15° 

0,626 

1 

0,045 

0,072 

0,168 

0,268 

30° 

0,340 

1 

0,113 

0,333 

0,196 

0,577 

45° 

0,149 

1 

; 0,149 

1,000 

0,149 

1,000 

60° 

0.045 

1 

0,136 

' 3,000 

0,078 

1,732 

75° 

0,006 

1 

0,079 

13,9 

0,021 

3,732 

90° 

0 

1 

0 

oo 

0 

oo 


B Tafiji. 1 nipHBie^eHbi Bbipa>KeHHbpe b eAHHnuax cgx Hanp 5 UK 6 HHH Ha 
HaKiioHHoft npa-HH KjiHHa (y = x tg^8), ©bMHCJieHHhie no (JjopMyjiaM ( 4 ) 
h (7) np'H paajimHbix aHaneroiHX yrjia ft. Us Ta 6 jra:Ubi bhaho, hto HanpH- 
)K 6 Hhh, b bin h c ji' 6 h h bi e no (j>opMyjiaM ( 4 ) , npeBBimaiOT no aificojiioTHOH bcjih- 
H,HHe HanpH>K€HHH, BbinHCJieHHbie no (JiopMyjiaM (7), h npea bbih a h ho BejniKH 
npii 6ojihumx fi. 3 th h an p hjkohh h npH Boap acra h hh yrjia /? nanHHaiOT bcc 
6ojiee h 6ojiee OTjinnaTbCH Apyr ot Apyra. Tan, ecjm npn fi = 0 Hanpn>Ke- 


Ta6/iHua 2 


J/ 

X 

* 

°x 

ggx 

no 

4)opM. (7a) 

___*L 

ggx 

no (jpopM. (4) 

* 

Qgx 

no 

4)OpM. (76) 

__ A. 

Qgx 

no (J)opM. (4) 

* 

QffX 

no 

4>opM. (7b) 

_^£g. 

QffX 

no 4>opM. (4) 

1,732 

0,045 

1 

0,136 

3 

0,078 

1,7321 

1,155 

0,412 

1 

0,355 

4 

0,171 

1,7321 

0,577 

0,701 

1 

0,463 

5 

0,173 

1,7321 

0 

0,889 

1 

0,536 

6 

0,120 

1,7321 

- 0,577 

0,966 

1 

0,603 

7 

0,064 

1,7321 

— 1,155 

0,988 

1 

0,655 

8 

0,034 

1,7321 

- 2,309 

0,997 

1 

0,714 

10 

0,013 

1,7321 

- 4,042 

0,999 

1 

0,752 

13 

0,005 

1,7321 

- 5,774 

1,000 

1 

0,770 

16 

0,003 

1,7321 

- 8,660 

1,000 

1 

0,785 

21 

0,001 

1,7321 

— 14, 43 

1,000 

1 

0,798 

31 

0,000 

1,7321 

— oo 

1 

1 

0,819 

oo 

0 

1,7321 
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hhh, BbiqHCJieHHbie no (})0pMyjiaM (4) h (7), coBna/jaioT Memjiy co6oh, to 
npn fi = 30 ° ohh oTjinqaioTCH npHMepHO b 3 pa3a, npn /? = 60 ° — b 22 
pa3a, a npn /? = 75° — b 175 pa3. 

B Tafiji. 2 npHBeAeHbi Bbipa^KeHHbie b e^HHnuax Qgx BejinnHHbi HanpH* 
2 K 6 HHH B npOH 3 BOJIbHOM TOpHSOHTaJIbHO'M CeqeHHH KJIHHa UpH /? = 60 °. 
O* O I* 

3mopbi - , h — — b 3tom ceneHHH, nocTpoeHHbie no AaHHbiM 

Qgx Qgx Qgx 

Ta 6 ji. 2 , npeACTaBJieHbi Ha pnc. 3 . JXjib. cpaBHeHHH nyHKTHpOM HaHeceHa 

@ x 0*1/ ^ XU 

aniopa — ; — w — 3 h oh h t€ ji b ho npeBbimaioiiui'S no Bejin^HHe 

Qgx Qgx Qgx 

0* T* 

— h — ne MoryT 6 biTb H 3 o 6 pa^KeHbi b MacmTafie pHcy-mca. 

Qgx Qgx 



Kax bhaho H3 paccMOTpeHHoro npuMepa, saBHCHMocTb HanpHjKe'HHoro 
COCTOHHHH OT HOpHAKa B03B€AeHHH COOpyJKOHUH MOHCCT 6bITb BOCbMa Cyme- 

cTBeHHon n eio Hejib3H npeHe6pe , nb. 

JTHTEPATyPA 

1. B. T. r a ji e p K h h, C6opHiiK J1HHI1C, Bbin. 99, 1929. 
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HHCTHTyT CTPOHTEJIbHOH MEXAHHKH AKAQEMHH HAYK YCCP 

1953 CEOPHHK TPYAOB M> 18 


H3rHB KPyrjIOH nJIACTHHKH IIEPEMEHHOH TOJllUHHbl 
KOPHOJlHCOBblMH CHJ1AMH 

A. M ■ KoeajieHKO 

HccjieayeTCH HecuMMexpH^HbiH H3rH6 KpyrJion njiacTHHKH c HtecTKocTbio, h3M6hhk)“ 
meHCH no JIHHeHHOMy 3aKOHy, BH3BaHHbIH CHJiaMH HHepimH npn ABH^eHHH, Ha3bIBaeMOM 
peryjiapHOH npeueccHefi. 

P aoc m OT p h m ^BHKeHHe Kpyrjiofi iui acTHRKH, BipaiixaiomeHCH c iioctohh- 
hoh no BejiH^HHe yrjioBofi cKopocTbio <x>\ BOKpyr och z, nepneHAHKyjiHpHofi 
k cpe^HHHOH njiocKocTH njiacTHHKH h npoxoAnmeH nepe3 ee ueHTp, npnneM 3Ta 

ocb He ocTaeTCH Heno- 

ABHJKHOH, a B CBOK) 
onepeAB BpamaeTCH 
BOKpyr HenoABHJKHOH 
och x TaKHce c nocTO- 
HHHOH yrJIOBOH CKO- 
pOCTbK) iO>2, COCTaBJIHH 
C HeH HeH3MeHHbIH 

yroji 90° (pnc. 1). 

Cnjibi HHepuHH, 
B03HHKaiomHe npH Ta- 

KOM ABHJKeHHH, BbI3bI- 
BaiOT HeCHMMeTpHHHOe 
pacTH>KeHHe h HecHM- 
MeTpHHHbiH H3rH6 nAa- 
CTHHKH. 

npH (0)2 0)1 MOJKHO CT-HTflTb p aCTHJKeHHC KpyrJIOH nAaCTHHKH CHMMe- 

TpHHHbllM H TaKHM >Ke, KBK npH BpameHHH iBOKIpyr OAHOH TOAbKO OCH Z . 

B HacTOAiuefi paCxyre HecAieAyiercH Hec h m m eTpOT Hbift H3rn6 KpyrAoa 
nAaCTHHKH C AteCTKOCTblO, H-3 MCH H JOIUeHCH HO JIHHeHHOMy SaKOHy; npH 3TOM 
BAHHHH6 paCTHHveHHH Ha H3CB6 HC y HHTbl BaeTOH . 

B HCCAeAOBaHHH npHMeHHIOTCH 0603HaneHHH, BBeAeHHbie aBTOpOM 
b cTarbe [1], h HcnoAbsyiOTCfl inoJiyneHHbie b hoh HCKoropbie peayAbTarbi. 

1. OcHOBHbie ypaBHemisi 

PaCCMOTpHM AHHeHHblH 3aK0H H3MeHeHHH IIH A H H Ap H H eCKO H AteCTKOCTH 
KpyrAOH nAaCTHHKH 

D = Do(l-x), (1.1) 

r 

TAG X= - — OTHOOHTeAbHblH paAHyC nAaCTHHKH, 

**0 

r 0 — paAHyc nAiacTHHKH npH D = 0, 

Do — XKeCTKOCTb B JjeHTpe nAaCTHHKH. 
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3tOH weCTKOCTH COOTBeTCTBy eT TOJimHHa nJiaCTHHKH 

h=ho(\-x)\ 


( 1 . 2 ) 


me h 0 — TOJiLUHHa b ueHTpe njiacTHHKH. 
3aMeTHM, HTO 


D 0 = 


Eh\ 

12(1 -v*)' 


B OTHOCHTeJlbHOM A&H>K€HHH TOTK3 ( r , 0) KpyrjIOH njiaCTHHKH, Bpa- 
mafomeHCH BOKpyr och z, nM©eT GKopocTb <a\f, npo6KU.HH koto po ft Ha ocb y 
paBHa anrcosfr (pnc. 1). 

ripH UpeneCCHOHHOM UBMMeHHH B TOM'Ke (r, 6 ) B03HHKaeT Kop HOJI HC OBO 
ycKopeHHe, BeKTop KOToporo napajuiejiCH och z h no Mouyjno paBeH 
2 ioia> 2 r cos «. 

He yHHTbtBaH chji HHepuHH, B03HHKaiomHX npH Ae<J)opMau;HHX nma- 
CTHHKH, CHHTaeM, UTO HOC H M M eTpHH H bl ft H3rH6 njiaCTHHiK'H BbI 3 bIBa 6 TCH TOJIbKO 
nonepeHHoft Harpy3Koft ot KopnojiHCOBbix cua c HHTeHCHBHOCTbio 


y i 

q(r, 0)= — 2 - Wj(w 2 r 0 A 0 j:(l— jr) J cos 6. 

9 

Toraa .peuieHHe jyia npornSa mojkho Bbi6paTb b bhao 

w = w(x) cos 6. 


(1.3) 

(1.4) 


rioacTaBJiHH (1.3) « (1.4) b ocHOBnoe .niwJxJiepeHUHajibHoe ypaBHeHHe H3rn6a 
njiacTHHKH nepeMeHHoft TOJimHHbi HecHMMeTpHHHoft Harpy3Koft [1], noJiyHHM 
cneAyiomee neo^H o p ohh oe ypaBHCHne ajih w(x): 


x*(l-x) 


(1*10 (x) 

d? 4 


a :® (2 — 4 a :) 


d s u) (jc) 

dx* 


x* [3 + (— 1 + v)a:] 


d*w ( a :) 

dx 2 


+ 


+ 3 a : -3w(x) = -2 y -co 1 co i r j^xHl-x)\ ( 1 . 5 ) 

OAHopoAHoe ypaBHeHHe, cooTBeTCTByiomee ypaBHeHHio (1.5), npH 
a 0 = 1 h k = 1 coBnaAaeT c ypaBHeHHeM (2.3) eraTbH [1]. 
npOHi3BOAH noACT a HOBKy 

w(x) = xy, (1.6) 


npeO'SpasyeM ypaBHeHHe uerBepToro nopajuKa (1.5) k ypaBHeHHio rperbero 

/ d 9\ 

nOpHHKa I OTH OC HTC.lb H 0 


dx 


^(l-*)^ + ^(6-8^)g + H3-(ll+.)^g- 

-[3+2(-l+.)jr]^ 

npOHSBOAH BTOpyiO nOACTaHOBKy 

dji_ 

dx ' 


npeoSpaayeM ypaBHeHHe (1.7) k Buny 

< 

’ dx 8 ' ^ ll * y dx* 


^(l- i )^, + ,(9-lU)^+[15-(27 + .),]g- 


— (9+3.)2 = ■ 2 ^-<a jW t~n^ X (1 x f • 

g jjq 


(1.7) 

( 1 . 8 ) 


( 1 . 9 ) 
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2. PeuieHHe ajih nporn6a 

OAHopoAHoe ypaBHeHHe, cooTBercTByiomee ypaBHeHHio (1.9), hbjisctc'H 
ranepreoMeTpH^eoKHM ypaBHeHHeM TpeTbero nop Hit Ka 

x ^l- x )^ s + x[{Bl +l)-(A 1 +3)x]^ + 


+ [B i -{A i + A 1 + 1)*] £ - A t z = 0. 


( 2 . 1 ) 


MacTHbie pemeHHH 3Toro ypaBKeima b cjiynae, ecjrn pa3H0CTb Kaxiix- 
jih 6 o Asyx H3 Tpex BejinqHH 1, /Si, p 2 He paBHa Hyjno hjih u,ejioMy HHOiy, 
HMeiOT B O'KpeCTHOCTH TOHKH X = 0 CJieAyiOIUHH ©H 

2 (1 ) =^= F(a\ f a 2 , a 3 ; Pi , ft 2 ', x) , 


x), 

(2.2) 

«2+l— ft, «3+l— ft; 


2~ ft, ft "l - 1 ft; x), 

(2.3) 

“2+1— ft, «s+l— ft; 


2— ft, ft + 1— ft; x). 

(2.4) 


B 3 thx pemeHHHx napaMeapbi a\, a 2 , a 3 hbjihiotch KOpHHMH ypaBHeHHH 
a 3 — A x a 2 + — /1 3 = 0, (2.5) 

a napaMerpbi /ffi, p 2 — KOpHHMH ypaBHeHHH 

P 2 — B l p + B 2 = Q. (2.6) 

OyHKUHB Bii^a F( a l} a 2 , « 3 ; Pu #>; *) anpeAejuneTCH cjneAyioiUHM phaom: 


B KOTOpOM 


• P P . — V [ a iJ» [ a 2]« [^3 n 

^(«i, «1, «3, Pi, Pa, — ^ .t b 1 r? 1 — x ’ 

0 n UPlJn LrsJn 

[«]„= ^ «(« + !).. .(« + /i-l); [o] 0 = l. 


(2.7) 


PHA (2.7) CXOAHTCH npH \x\<^ 1. npH X= 1 3TOT pHA CXOAHTCH, eCJIH 
Pi H - P '2 — (ai + a* + a 3 ) ]> 0. 

ConocTafijiHH OAHopoAHoe ypaBHeHHe, cooTBereTByK>mee (1.9), c ypas- 
HeHHeM (2.1), HaXOAHM K03(J)(|)HUHeHTbI 

Ax = 8, A 2 = 18 + r, As = 9 + 3r; 

Bx = 8, S 2 = 15. 

rioACTaBAHH 3 th K03<}x})HAHeHTbi b ypaBHeHHH (2.5) h (2.6), nojiynaeM 
a 3 — 8a 2 + (18 — j— ct — 3(3 -f- v) =0; 

P 2 — 8 p+ 15 = 0. 

FlepBoe ypaB-Heniie npn KoscJxfjHUneHTe riyaecoHa v = -^ Moxer 6 biTb 

o 

npencTaBjieHo b BH^e ypaBHeHHH (a — 3) (3a 2 — 15a+10)=0, KOTopoe 

HMeeT KOpHH 

c 1 i /or 

( 2 . 8 ) 


-o _ 5 , 1 1/35 
“i-3, «2.s — 2 i 2 /~3~ ' 


BTopoe ypaBHeHHe HMeeT KOpHH 

ft = 3, ft = 5. 


(2.9) 
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TorAa nepBoe vacTHoe pemeHne ( 2 . 2 ) OAHopoAHoro ypaBHeHHH coot- 
EercTByiomero ypaBHeHmo ( 1 . 9 ), npeBpamaexcH b rnnep reo m e tp hhcck y jo 
(jjyHKumo BTOporo nopHAKa 

2 ( 1 ) = u 2) „ 3 ; 3 j 5; x) = F(<t i , « s ; 5 ; x). ( 2 . 10 ) 

OAHa.Ko pemeiiHH b <J)opMe ( 2 . 3 ) h ( 2 . 4 ) npn HaftAeHHbix 3 HaxeHH>ix 
napaMenpoB ( 2 . 8 ) n ( 2 . 9 ) He hmciox cMbicaa. Hckombic pemeHHH HaxoAHM 
c noMOLHbio npeAejibHoro nepexoAa. 

B ( 2 . 2 ) h ( 2 . 4 ) BMecTo #> = 5 noACTaBjiHeM y ? 2 = 5 + e h cocTaBJineM 
AHHefiHyio kom 6 hh amnio AByx qacTHbix pemeHHH 

~ “ 3 ; 5 + 6 ; x)~-f (e)x~ i ~ £ F(u 2 — 4 — s, a 3 — 4 — £; — 3 -fi; x)J, ( 2 . 11 ) 


rme 

0 = rr=zz 


4!(~ 3— c) (-2-e) (-l- £ ) (-6) 


(« 2 4 f) («s 3 s) (a 2 2 s) (« 2 — 1 — e) («j— 4— e) (« 3 — 3— s') (« 3 — 2— #) (« 3 — 1— s) * 


BbipajKeHHe (2.11) npH c — » 0 npeBpamaeTCH b HeonpeAejieHHOCTb 


BHAa 


0 


TorAa b «aqecTBe BToporo qacraoro pemeHHH OAHopoAHoro ypaBHeHHH 
noAyqaeM 

z (2) = Iim ( - [F(« 2 , « 3 ; 5 + f; x) — 
e-*o ( £ 

-f(e)x-*- s F(<x 2 - 4 - 6 , « 3 — 4 - 6 ; - 3 - 6 ; *)]J = 


ds 


F(u 2 , « 3 ; 5 + 6; x) 


+ 


£=0 


+ X 4 In x[f (f) F(a 2 — 4 — E, a s — 4 — 6; —3 — 6; x)] £=0 — 

- A:- 4 [-^[/( £ )i ;, («,-4-6, «s — 4 — e; — 3 — 6; *)] 1 . 

* J s=0 

y^HTbLBan npH BbiracjieHHH z (2) TO>KAecTBo 


( 2 . 12 ) 


d . . , . d In F 


HaXOAHM 


2 ( 2 )= ®(« 2 , « 3 ; 5; x) = F(u 2 , « 3 ; 5; x)ln* — 
41*31 

(«i - 4 ) («. - 3 ) (« 2 - 2 ) («, - 1 ) («, - 4 ) («, - 3 ) (a, - 2 ) (« 3 - 1 ) 
2 * 3 - 4*21 


x- 4 + 


+ 


(« 2 — 3) (« 2 — 2) (a, — 1) (« s — 3) (a s — 2) («,— 1)' 
3 * 4 * 1 ! 4 


(«2 — 2) (a a — 1) (« s — 2) (a s 1 ) X + («2~ 1) (« 3 ~ 1) 

yi « 2 (a 2 + 1 ). . . (g 2 + n— l)« 3 (a 3 +l). . . (« 3 + n — 1 ) 
/il 5*6.. .(5+n — 1) 

1 11 1 


X - + 


+ 2 1 


*"* + 

X 


a 2 « 2 + 1 

1 __ 1 

5 6 


+ . . . + 


+ I+_L_ 

« 2 + n — 1 a s a s + 1 
1 1 1 

5+n-l 1 2 ••• n j x "‘ 


... + 

1 


« s + n — 1 


( 2 . 13 )* 
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rioACTaBjiHH b (2.2) h (2.3) /?i — 3 + e BMecTO = 3, cociaBjineM 

b Ka^ecTBe rperbero MacTHoro pemeHUH a/XHopo&Horc) ypaiBHeHHH supaxceH-He 

2 ® = lim{ - [^(3, a,, « 3 ; 3 + e, 5; x) - 
£—►0 { € 

— f i(s)x~ 2 - E F(l — E 3 « 2 “2 — £, a 3 — 2 — e; — 1“£, — 3“ e; x)] J , (2.14) 

rae 

, , 21(-l-g)(-«)(3-«)(4-s) 

Jl(e) (ccg—2—e) (ag—l—e)(a a —2—s)(a s — l—g)(l — s)(2 — e)' 


ripoHSBOAa aHajiorHMHbie npeo6pa30BaHHH, HaxoAHM 


z< 3 >= <z>(« 2 , 5; x) + 

41 • 31 

+ («2 — 4 ) («2 — 3 ) (« 2 — 2 ) (« 2 — 1 ) (« 3 — 4 ) (« 3 — 3 ) (« 3 — 2 ) ( a 3 — 1 ) x 


2 • 3 - 4 • 2! 

(«»-3) (« 2 — 2) («s — 1) (“j — 3) (a, -2) (o,-l)* * 


(2.15) 


TaKHM oSpaaoM, OAHopo^Hioe ypaBHeHHe, cooxBeTCTByiomee (1.9), HMeeT 
i 06 mee peuieHHe 

+ C' 2 *< 2 > + C/zW = 

= C' 1 i ?, (« 2 > « 8 ; 5; 2 ) + C 2 '®(cr 2 , o s ; 5; *) + 

+ Cg'(®(«2, «*; 5; *) + 


41-2! 

+ («,— 3) (o,-2) (« 2 -l) (o,-3) (o,-2) (o,-l) 


(«2 — 4) (« 3 — 4) X x 



H.1H 


riie 


z* = C 1 F(u 2 , <* 3 ; 5; x)+C 2 0(a 2 , a 3 ; 


5;^) + ^1(1 + 1), 


(2.16) 


C 2 = C/ + C/, 

41-2! 

C&= ~ Gi ' («2 — 3) (« 2 — 2) (o,-l) (a, 3) (« 3 — 2) (o,-l) • 


IlepexoAHM Tenepb k onpe&ejieHHio qacTHoro ipeuieHHH HeoAHOp oah oro 
ypaBHeHHH (1.9). 

PasJiaraH b cboSoahom njieHe 6 hhom (1 — x) 3 b pan h nojiaran 

v=\, nepenncbmaeM ypaBHeHHe (1.9) b Bnae 
o 


( i5_ 


82 \dz 
3 x )dx 


IO 2 = — cx £ ( — 1)’ 

n=J 0 



(2.17) 
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Pan b cbo6oahom 'HJieHe ypaBHCHHH (2.17) cxoahuihhch. y^HTbiBaa m~\- 1 
HJI8HOB 3Toro ipana, BbrSHpaeM Macraoe peuieHHe HeoAHopo^Horo ypaBHeHHH 

B BH jxe 


z°= 2a n x\ 

n = 0 


(2.18) 


rioACT3BJiHfl (2.18) b (2.17) h co6Hpaa ■qjieHbi c OAHHaKOBbiMH crene- 
HflMH x, nojiyqaeM cjienyiomyio CHCTeMy ypaBHeHHH ajih onpeaejieHHH kos(J)- 
(JjHtuHeHTOB a n (n — 0, 1, 2, . . . , m) : 

lOflo — 15 ai = 0 ; 


( 


10 + 


82 

3 



Ci — 2(15 + 9) a 2 = c; 


2 + ll- 2 ) 0 2 — 3(15+9*2 + 2)a s = — c 



10+ + Hn(« — 1) +n(n— 1) (n~ 2) 


a„ ~ 


1 


— (n + l)[15+9n + n(/i— l)]a„ +1 = (— l) n 1 c[ 3 

^n— ly 


(2.19) 


10+ — 1) + m(m— 1) (m— 2) 

U 


«„, = (-l) m - 1 c( 3 

m — \j 
1 


06ui.ee peuieHHe HeoflHOpOAUoro ypaBHeHHH (1.9) npH v= ^ HMeeT 
cjreuyiomHH bhu: 

z— z* + z° = C\F « 3 ; 5; x)+C-t&{a 2 , «»; 5; x) + 


+ C , 7i ( 1 + 


2x 


) + 2Ja»x n , 

' n = 0 


( 2 . 20 ) 


rue KOEHjKjiHuueHTbi a„ (n = 0, 1, 2,..., m) onpeAejimoTCH ua ypaBHeHHH 
(2.19). 


3 - 53 . 
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npHHHMaa, Aajiee, bo BHHMaHHe (1.4), (1.6) h (1.8) , HaxojHM ofimee 
pememie Ana npora,6a w 


w 


= CxF(a 2 , a s; 5; x)+C 2 ( 2>(a 2 , 5; x) + 

d*+C 4 j cos 6. (2.21) 


1 / 9\ m 

+ CS ^ 1 + 2^ ) + 2<*nX n 

X ! n ~0 

Hcnojibaya npn nHTerpi-ipoBawni fh n ep reoMerp h aecKHX cjjyHKiuiH nep- 
Boro h BTOporo poa,a 4>opMyjibi, npHBeAeHHbie b MOHorpa<})HH [2], nojiynaeM 
0'6iu,ce pemeHHe juw n porn 6 a w b cjieAyioin,eM BH^e: 


we 


w = C , 1 u; n) + C 2 w (2) + C 3 w (3) + C 4 w w + w°, 


( 2 . 22 ) 


u>a) = - 


W (2)=- 


6x 2 F(a 2 — 1, — 1; 4; x) + ^-xF(a 2 —2, a s — 2; 3; at) cos 0; 

27 

6x 2 W(a 2 - 1, o,—l; 4; x) + ~ x® (a 2 - 2, a, -2; 3; x) + 


57 


1179 


+ y**F(« s -l,« 3 -l;4;*) +-^^(^-2, « s -2; 3; x) 


cos 0; (2.23) 


(i + c) 


COS 0; 


W w = X COS 0; 

Tl, a 
, n + 2 


w 


°=2? ~r^ x " +s cos 


n=0 


3. PemeHHS! .HJIH H3rH6aK)lUHX MOMeHTOB, KpyTSHAHX MOMeHTOB 
h nonepeMHbix chji 

Bbipa>KeHMH (3.9) cTaTbH [1] aipH raecraocTH (1.1) w v = ^ npHHH- 

MaiOT BHA ^ 

1)0 /I x d * w , 1 , 1 ^ \ 


Do 


1 4 . 1 , 1 

3 dx 2 x \ dx x dO* j 


M r § r o -9 


2 Z) 0 1 ~~x j d 2 w 1 dw 


Hr 


3 rl x \dx dO x dd)’ 


Qr = -^(\-X) 


dhv 1_ d°w ^ dw 1 d s w 2 d*w 

dx 8 X dx 2 .V" dx X 2 dx dO 2 x s dd 2 


(3.1) 


A, 

rl 


d 2 w .1/1 dw , 1 d i w 

w 


d‘w 1 /l dw 

dx 2 3 dx + 


Q o = — 


A> 1— * 


d 3 u> 1 d 2 iv 1 d 2 w 


&r 2 d<9 x dxdO x 2 <?0 2 

2 Z) 0 1 / d 2 u> 1 dw 

3 r s 9 x \dx dO x do 
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noACTaejiHH (2.22) b (3.1), Haxo/uiM CAeAyromne pemeana ajih h3th- 
6aioiUHX MOMeHTOB, KpyTHmHx MOMeHTOB h nonepeaHbix chji: 


M r =C 1 MM + C z M^+C i M^+ CtMW+M*; 
M d = C X MW + C,M<V + C S M + C<MW + M°; 

Qr= C t Q^ + C,Q { ? + C b Q?> + CiQm+Q',; 

Q^c^+c^+cvjf+c^+Q; , 


rjxe 


1 0 

I-*) 


2 10 
2 x*F(a 2 + 1, « 3 + l; 6; x) + -^xF(ui, « 3 ; 5; x) 


— jc 2 ®(« 2 + 1, a s +l; 6; *) + 

13 
15' 


+ -y jc< 5(«2, « s ; 5; ■*) + 7 ^* 8 A(« 2 + l, « s + l; 6; x 


COS 0; 


(3.2) 

(3.3) 

(3.4) 

(3.5) 

(3.6) 

cos 6; 


(3.7) 


Da 1 JC /I 


rl x 2 \3 x) C0S 


M( 3 > = - 

r 

MW = 0, 

r 1 

D m / 1 0 \ 

M/ = -^(l-x)^(/i+y)a„^cose; 


M^=-~{\-x) 

J • o 


Jx*F(« 2 + l,«s + l; 6; *)+2xf , K 5; x) 


cos 0; 


^ 2) =-^( 1 -a:)[|^(« 2 + 1 ,«3+ 1 ; 6; *) + 

+ 2 x&(a 2 ,a 3 ; 5; at) + x 2 F(a 2 + 1, a 3 -(- 1; 6; x) 


cos 6; 


(3.8) 


O 

^> = 0; 


A. 1— * 

rf x 2 


1 + — ) cos 0', 


D m f n \ 

w = - -4 (l -x) 2* Q- + 2 «^ n+1 cos e- 

r ° n=0 ' / 


MM= | ^Af(l-Ar)/ , (« 2 , a 3 ; 5; X) sin 0; 
r « 6 r a 

2 D 

M®=o -r(l— x)x®(« 2 , « 3 ; 5; x) sin 0; 

o; 

9 7) m 

A °9 = q -=r (1 - x) 2 a n xK+l sin 0; 

° r 0 72-0 


9 \ 

2x) sin 0', 


(3.9) 
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Q?=~y{ 1-x) 

• n 


OQ 

£x*F{a 2 + 2, « s +2; 7; x) + 


+ (4 - | y^) xF(* a + 1, « 3 + 1 ; 6; x) + 
+ (4- y yy) ^(« 2 , a 3 ; 5; x) 


COS 6 ; 


A, 


28 


Q< 2): = — 7^(1 — ^)[27 x2 ^( a 2 +2 > «8+ 2 ; 7 ; *) + 

+ (4— + « 5 + l; 6; x) + 

+ ^4— y py) ®(« 2 . “ 3 ; 5; a:) + ^x 2 / t (« 2 +2, « s + 2; 7; *) + 


+ (j - || y^j xF(a, + 1, « 8 +l; 6; *)j cos fl; 

Q ' 3)=_ ^^(l + y c0S ^ 

^ 4, =0; 

#° = -^ Jnj(/z + l)(/i + 4)+ -(n + 2)(n + 4) + | x J a n * n cos 0; 


(3 10) 


<4 ,)= 7^0-*) 


(i-*) 


xF(u 2 + 1, a 3 + 1; 6; X) + 


+ ^4 — g ^( w 2» a 3i 5; x) 


(a 2 + l, « 3 + 1; 6; .v) + 


sin 0; 


+ (4 — g ® ( a 2 , « 3 » 5; x) + 

+ j^^/ 7 (a 2 + l, « 3 + l; 6; *) sin 6; 
Do 1 /5 , 2> 


(3.11) 


^ 4 >=0; 

( 14 \ 1 

n+ y) x a„Ar n sin 0 


n m 

1\ = t2 

1 0 71=0 

npH BbmncjieHHH nacrabix penieHHH (3.7) — (3.11) ncnojib3yeM fyop- 
Myjibi ^H(f)4)epeHUHpoBaHHH h h HTe rp h p o b a hh h r h nep reoMeT p h q ec k h x cjiyHK- 
UH’ft, npHBeAeHHbie b MOHorpa(J)HH [2]. 

B Bbipa>KeHHHX ajih qacTHbix penieHHH OAHOpo^Hbix ypafiHeHHH coaep- 
maTcn HHTb rHnepreoMeTpHnecKHX <J)yH>KUHH nepBo.ro po/ja F(a 2 — 2-\-n, 
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« 3 — 2 + n; 3 + n; jc) (/t = 0, 1, 2, 3, 4) « nHTb rHnepreoMeTpHne- 
ckhx (|)yHKxi,HH BToporo poAa 0(a2 — 2 n, a 3 — 2 + n; 3 + *) 

(n = 0, 1, 2, 3, 4). 

ripH COCTaBJICHHH Ta&jTHU. HACTHblX pemeHHH HeOOXOAHMO cyMMHpOB’aTb 
TOJibxo pHAbi, onpe^ejiaiomHe rwnep reo m eTp hh ec KHe <j)yHK.UHH c n— 0 
h n=l. Ot'TajibHbie rHnepreoMeTpmiecKHe <}>yHKUHH (n = 2, 3, 4) MoryT 
6biTb BbiMHCJieHbi c noMombio peKyppenTimix cjjopMyji 

F(a, b ; c; *)= c (a + ft + 1 )f ^( a +i t 6+1; c + l; *) + 

+ (a + 1 ) (6 + 1) * ( j - . * ) F(u+2, 6+2; c+2; at); (3.12) 

C(c-rl) 


0(a, b ; c; *) = c ^ a+ — <g(a + l, 6+1; c+l; or) + 


+ ( a + ^ + (1 - <g(« + 2, 6 + 2; c+2; x) + 

c(c + l) 

c-(o + 6+l)jC|l + 1 _ L\f( a + i 6+1; c+l; x) + 
c [a b c I 

(a + 1)(6 + 1 )jc(1 — jc) i\_ 1 , 1_ , 1 I 1_\ 

+ c (c + 1) \a "*~a+l 6 6+1 c c + l/ 

X F{a + 2, 6+2; c+2; *). 


X 


(3.13) 


3tii (J)opMyjibi nojiywatOTcn nocpeACTBOM noACTaHOB kh b ypaBHeHHe 
Taycca 

x(l-x)f£ + [c-( a + b+l)x}f x - a by = 0, 


b kotopom napaMCTp c paBeH uejiOMy nojio>KHrejibnoMy HHCJiy, ero pemeHHH 

y { i) = F(a, 6; c; *), 

yd) = 0>(a, 6; c; or) 

H nepBblX AByX npOH3BOAHbIX OT HHX, B bl'H HC JI H C M bl X DO (JjOpMyjiaM [2] 

F(a, 6; c; x) = —F(a+ 1, 6+1; c+l; x ) 
dx K c 


dx 


0 (a, 6; c; x) = 


ab 

c 


0(a+ 1, 6 + 1; c+l; at) + 


+ (- + j- — -) F(a+1, 6+1; c+l; x) . 

\d u c J 

06m,He pemeHHH (2.22) h (3,2) — (3.6) coaepwaT qeTbipe nocTOHHHbie HHTe- 
rpHpoBaHHH Ci, C 2f Cj, C 4 , KOTopbie onpcAejiHKxrcH h 3 ycAOBHH na Hapy>K- 
hom h BHyrpCHHeM Konrypax iuiacTHjiKH. 
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4. IlpHMep pacqeia 

GrajibHofi toh'Khh ahck c paaMepaMH, yKa3aHHbiMH Ha pnc. 2, coaep- 
maer peryjinpHyio inpeueccnio npH bi33Himhoh nepneHAHKyjiHp hocth och co 6- 
CTBeHHoro iBpaiu.eHHH (coi) h och inpeueccHH ( 0 ) 2 ). OnpeAejiHTb nporad Ha 
HapyjKHOM Kornype AnciKa, ©cjih ©ro KecTKocxb hsmchhctch BAOJib paAHyca 
no jiHHeHHOMy aaKOHy. 



BHyipeHHHH KOHTyp AHCRa cbo6oaho onepT, a Hapy>KHbiH — cbo6oach 
OT CHJII H MOMeHTOB. 

H:3 COOTHOniC'HHH 


K 

K 




0,621 s 

0,45 s 


2,25 

r 0 



onpeaejiHeM panHyc ancica r 0 = 47,04 cm, npn iKOTopoM ero wecTKOCTb 
pa«Ha Hyjiio. 
npH 


Xl = 


2,25 

47,04 


0,05 H 


r - r * - 
*2 — — — 


30 

47,04 


^0,64 


BbiHHCJiHeM sHaqeHHa rn nep reoMeTpmecK h x cJ)yHKu.HH, Bxoafimux b qacTHbie 
peiueHHH (rafiji. 1). 


T a 6 ji h u a 1 


F(a , b\ c; *) 

! 

*=*! =0,05 

*-=*2=0,64 

F(ct,- 2, 0,-2; 3; *) 

0,955743 

0,467395 

f («a — «3 — 1 ; 4; x) 

0,991524 

0,857500 

F (««> «3? 5; x) 

1,03468 

1,8937 

/’(rt 2 +l, a 3 +l; 6; x) 

1,08288 

4,5772 

F(a^2, 7; x) 

1,13521 

11,6043 

<P (a, 6; c; x) 

*=*!=0,05 

*=*2=0,64 

a 3 — 2; 3; x) 

-467,788 

- 3,40125 

0 (a,— 1, a,— 1; 4; x) 

-20612,9 

- 13,0700 

<r>(a„ « 8 ; 5; x) 

-7373820 

-336,572 

1 , 1 — ! ] 6; x) 

882256 -10 3 

2915,12 

^(o,+2, ce 3 — [— 2; 7; x) 

-566184* 10 5 

-14174,7 


rToacT a Bjia a 3HaqcnHH r h ne p reoM erp h«j©ckh x cfjyHKUHH b (JiopMyjibi 
(2.23), (3.7), (3.9) h (3.10), Bbi'mcjiaeM aareM np« Xi = 0,05 h X 2 — 0,64 
qacxHbie peujeHHH juiniv, M r , M,$ h Q r (TaOji. 2). 
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TaK KaK 3HaqeHHe fiHHOMa (1 — * 2 )^ =(1—0,64)* =0,7114 coBna- 

AaeT c TOHHocTb k> ao nerapex 3HaHam,Hx UH(J)p co 3HaqeHHeM noAHHOMa 

13 /!\ 

^(“ir 3 j jc , b npaBoft qacTH ypaBHeHHH (2.17), to npn Bbiqwcjie* 

\n ) 

hhh qacTHbix pemeHHH HeoAHopoAHbix ypaBHeHHH npHHHMaeM bo BHHMaHHe 
He 6 ojiee 14 HAe hob b pnAax, BxoAflmnx b sth pemeHHH. 


T a 6 ji hu a 2 


x 



«,< 3 > 


U)' 


cos 0 

cos0 

COS0 

COS0 

c cos 0 




-46,00 


0,188583 ♦ 10— 5 




-4,5156 


0,00479767 


Mprl 



M^r* \ 

M° r r\ 


D 0 cos .0 

D 0 cos 0 

D 0 cos 0 

Do cos 0 

cDq cos 0 

0,05 

—0,16554 

— 229380 

• 22673 

0 

— 0,00487368 

0,64 

-1,9043 

-28,6661 . 

: 3,8269 

0 

-0,00316930 


M { $rl 

MtVrl 

M%r'„ 

M%rl 

M^rl 


D 0 sin § 

D 0 sin 0 

Do sin 6 

Dq sin 0 

cD 9 sin 6 

0,64 

+0,29087 

-51,697 

+4,7058 j 

0 

0,00604555 



Q< 2 M 

q< 3 M 

Q' 4> rj 

Q> l 


Dq cos 0 

Dq cos 0 

D q cos 9 

Dq COS 0 

cDq cos 0 

0,64 

-3,4300 

-36,4457 

-7,8837 

0 

0,020887 


JXji h onpeA^AeHHH nocTOHHHbix HHTerpnpoBaHHH cocTaBAHeM Herape 
ypaBHeHHH, yAOBAeTBOpHIOLHHe CAeAyiOmHM KOHTypHbIM yCAOBHHM: 

w = 0 h M r = 0 npn x — 0,05; 
dM r n 1 dM r f) 

M,= 0 H Qr+~rif=Qr+- = 0 n P« * = 0,M. 


Hcno^b3yfl tb6 ji. 2, nojiynaeM nerape ypaBHeHHH 


— 0,33744(7, + 465,24(72 — 46,00(7 3 + 0,05C 4 -f 0,188583 • lQ- 5 c = 0, 

— 0,16554(7, — 229380C 2 + 22673(7,3 — 0,00487368c = 0, 


— 1,9043(7, — 28,666(72 + 3,8269C 3 — 0,00316930c = 0, 

/ 0,29087\ / 51,697\ 

(-3,4300+ Ci + (36,4457- -^J C,+ 


+ 


(“ 7 > 


,8837 + 


4,7058\ 
0,64 /° 3 


(o. 


C.+ 10,020887 + 


0,00604555\ 


0,64 J 


c=0. 
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Peiiian 3 th ypaBHeHHH, HaxoAHM 

Ci = — 0,0101998 c\ C 3 = 0,0123527 c; 

C 2 = 0,00122097 c; C 4 = — 0,0652934 c. 

Tor^a nporafi AHCKa Ha HapyjKHOM KOHType 

w 2 = CiW^ + C 2 U)W + C s w*y + CiW^ + w\ = 

= — 0,0192c cos 0 = — 0,0384 - wi w. cos 0. 

g Jj o 


3aKJiioHeHHe 

HaftAeHM TOHHbie pemeHHH qepe3 rnnepreoMCTpHnecKHe (jjyHKUHH bto- 
poro nopflAKa aah 3aAaAH o HecHMMeTpHHHOM H3ni6e KpyrAoft nAacTHHKH 
C JKeCTKOCTbK), H3MeHHK>meHCH no AHHeflHOMy 3aKOHy, OT KOpHOAHCOBbIX CHA 
B03HHKaioiuHx npH npeu,eccHOHHOM ee abhjkchhh. 

JIHTEPATyPA 

• t 

1 . A, K o b a ji e h k o, O HecHMMeTpHMHOM H 3 rn 6 e Kpyrvibix iuiacTHHOK nepeMeHHofi 
TOJimHHbl, C 6 opHHK TpyAOB HHCTHTyTa CTpOHTeJIbHQH MeX 3 HHKH AH YCCP, N ° 15 , 1951 . 

2 . A. fl. K o b a ji e h k o> TeopHH pacneia Ha npOHHOCTb KOJiec Typ 0 oMamHH, 
H 3 A. AH yccp, ' 1950 . 
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HHCTHTYT CTPOHTE/IbHOFI MEXAHHKH AKAflEMHH HAYK YCCP 

1953 CEOPHHK TPY/lOB N» 18 


KOCOH H3rMB METAJ1JIMHECKHX BAJIOK 3A FIPEAEJIOM 

ynpyrocTH 

A. M. CrpeAbOui^KaH 

MccjieAOBaHo ynpyro-njiacTHqecKoe h npeAejibHoe cocTOHHHe AByTaBpoaoro h lubcji- 
AepHoro ,np<x})HAeH npn kocom H3rH6e. HaftAeHbi cooTHomeHHH Me>K,n,y MOMeHTaMH, Aeii- 
CTByiomHMH b r^iaBHbix njiocKocTflx ceqeHHH. XlaHbi npodbie (JjopMyAbi ajih onpeAeaeHHH 
njiacTHqecKoro MOMeHTa conpoTHBJieHHfl h npeAejibHOH narpy3KH daaKH. 

1. BBeACHHe 

Pao^eT MeTajiJiHqecKHx 6ajioK no npeaejibHOMy coctorhhk) npn none- 
peHHOM H3rn6e AOCTaTOHHO nojiHO pa3pa6oTaH phaom aBTopoB h Bouieji 
B HopMbI H TeXHH^eCKHe yCJIOBHH npoeKTHpOBaHHfl CTajIbHbIX KOHCTpyK- 
Uhh. PacxeT Hecymeft cnocoSHocTH CTep^KHeft h 6ajioK npn kocom H3rn6e 
cpaBHHTejibHO Majio ocBemeH b JiHTepaType, HecMOTpn Ha to, hto npnMeHe- 
H-ne ero mokct AaT b 3 h aHHxe abb y k> skohomhk) MeTaAAa no cpaBHeHHio 
c pacneTOM no ynpyroMy coctohhhio. 

HayneHnio kocopo H3rn6a 3 a npeAeAOM ynpyrocra nocBHmeHbi craTWi 
B. H. rop6yHOBa h B. T. HyAHOBCKoro [1], B. H. ropSyHOBa h C. A. Hajib- 
ncBCKoro [2] n pa6oxa M. H. KyAPRBueBa [3], oxHocHimnecH k 1935—1940 rr. 

B inepfibix pa6oTax HccAeAOBaHa necyinaH cnoco6Hocxb npHMoyrojibHoro 
h AByraBipoBoro ceneHHH H3 MaTopnajia, HMefOiuero paBHbie npeAeAbi T6Ky- 
hocth npn p a ctr nee h h h h OKaxiin, n -nojiyMCHbi 4>opMyAbi aah onpeAeACHHH 
njiacTH^ecKoro momchtb con p othb a oh h h . B patiore H. H. KyApRBueBa, 
KpoMe Tex >Ke BonpocoB, paccMOTpeHO Tax>Ke ynpyro-njiacTnnecKoe coctoh- 
hho ceneHHH h AaHbi b ofimeM bhao (})opMyjibi aah pacnexa Ha kocoh H3m6 
cruioiUHoro oeneHnn ak>6oh (}>apMbi c paaHbiMH npeAejiaMH xeKynecTH npn 
OKaTHH M p aCTB >K e H H H . 

HaaBaHHbie aBTopbi npuMCHHioT oahh h tot >Ke mctoa pacHexa n hoao- 
ACCHHe HCHTp 3Ab HOH OCH OnpeACAHIOT H3 yCJIOBHH, HTO CTaTHneCKHH MOM&HT 
OKaTOH HAIH paCTHHyTOH 30HbI OTHO'CHTeAbHO CHAOBOH AHHHH paBeH HyAKX 
3Han noAO>KeHHe neHxpaAbHoft och, Koxopan acaht oeqemie nonoAaM, ohh 
H aXOAHT nAaCTHneCiKHH MOMOHT COITp OTHBAe HUH KaK n p 0 H 3 BCAO H H6 JIOJIOB-HHbl 
nAomaAH ceneHHH Ha paccTOHHne Me>KAy ueHTpaMH THA^ecTH c>KaTOH n pacTH- 
Hyxon 30H. 3tot >Ke npneM b HecKOAbKo hhoh Tp a ktobko onncaH A. P. Pata^ 
HHUbIHbIM [4], 

Jim cocTaBHoro cexeHHH yKasaHHbin MexoA AaeT BecbMa rpoM03AKne 
BbipajKeHHH, npH'xeM BeAnqHHa nAacTH^ecKoro MOMeHTa co n p oth baoh h h 
noAynaeTCB npn6AH>KeHH0H [2], 

B Hainen pa6ore npeAAanaexcH hhoc pemeHne aa Aann. Mbi ocHOBbi- 
BaeMCH na amope h a np h jkoh h h b ynpyro-nAacTHnecKOM hah npeAeAbHOM 
COCXOHHHHX CeneHHH, no KOTOpoft HaXOAHM 3aBHCHMOCTH Memjxy H3rH5aiO“ 
LUHMH B TAaBHblX nAOCKOCTHX MOMCHTaMH. 
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3aMena b6jihhhh arax MOMeHTOB qepe3 momcht npn kocom HsrH-6e 
h yroji HaKjioHa BHeaiiHefi HarpysKH k oahoh hq raaBHbix oceft ^aeT B03- 
MOJKHOCTb onpe&ejiHTb nJiacTHqeoKHH momcht conporHBAeHHH, a xaiOKe bcah- 
qKHy npe^ejibHOH HarpyaKH ctcp>khh (6aAKH) . noAyqeHHbie (}»opMyAbi, 
Bbipa>KeHHbie qepea sjieMCHTbi -nonapeqHoro ceqeHHH h yroji HaKJiOHa BiHem- 
nen chabi, AOCTaxoqHo npocTbi. 

npHHHMaeM cjiejxyiOLaHe irpeAn-ocBuiKH: 

a) nojib3yeMCH ynpomeHHOH AHarpaMMOH Hanpn>KeHHH — Ae^opMaunfi 
c oABHanoBbiMH npeAeAaMH TeKyqecra Ha pacrn>KeHHe h c>KaTHe; 

6) BJiHHHHeM KacaxejibHbix HanpH^KeHHH npeHe6peraeM; 

b) .npeAejibHbiM cocTOHHHeM npo<})HAH cqHTaeM p acnpocrp a«e«H€ Texy- 
qecra no sceMy ceqeHHio. 

HccjieAyeM kocoh mm 6 AByraBpoBoro h hibca a e p h oro npocfiHJieH. 


2. Kocoh H3rw6 AByTaepoeoro npo(})HJifl 

IlpHJiOtfKHM cHAy b iieHrpe H3rn6a AByraBpa boa yraoM a k oahoh h 3 
rAaBHbix oceft, HanpHMep k och y (pnc. 1 ,a). flpn stom cTepHceHb (6aAxa) 
6yAeT HcnbiTbiBaTb toabko kocoh h 3 fh 6. 

Ha pnc. 1,6 h \,e npe acth bac h bi aniopbi h op m a a bh bi x h anp h >kch h h 
b ynpyroM coctohhhh ot momchtob 

M x H My, AeHCTByJOLUHX B TAaBHblX 
nAocKocTHx ceqeHHH. 3HaxoM (+) 
o6o3HaqeHO oxaTne. 


/V 


r 




fax) 



hi' 

J j 

h h n 

c i 

y 

/ a. 

* 

• i V 

■A 

! ! r — — 



/ 

id 


~}6, 

X 


If 

t^l 


- & — 


; G, Fx 








A/ 


EE 



□ 

+ 

6 t 

ad. 

z 


at/ 



\ 

fc 

7 



6r 






fi 

Phc. 1. 


a a 


Phc. 2. 


yqHTbiBaq pacnpeAeAeHHe ynpyrax h an p h h<€ Hih h h npHHHTbie Bbime 
npeAnocbiAKH, HaxoAHM aniopy Hanpn>xeHHH b ynpyro-nAacTHqeoKOM coctoh- 
hhh ceqeHHH, h-3 06 p a > k e hh y K) Ha pnc. 2 ,a. HpH kocom Harare b npo(J)HAe 
C AByMH OCHMH CHMMCTpHH H€ HTp H ABH BH OCb BpOXOAHT HCpCS UCHTp THJXCCTH 
ceqeHHH xax b ynpyroM coctohhhh, rax h npH HaAinqHH TeKyqecTH. 

Bboahm napaMCTp a, o6o3HaqaK>mHH paccTOHHHe HyAeBofi tohikh aniopbi 
hgaok ao och cTeHKH. Hepes a h c o6o3HaqeHbi nporjDxeHHH hoaobhhbi 
ynpyroro HApa b noAKax h b ctchkc. 

Ha ocHOBaHHH amopbi, H3o6pan<eHHOH Ha pnc. 2, a, onpeAeAHM Bbipa- 
>KeHHH AHH MOMeHTOB M x H M y , nOAb3yHCb yCAOBHHMH paBHOBeCHH. 

Bepn cyMMy momchtob othochtcabho och x, inoAyqHM 

= i, (| Mu-a)l + + 

+ — cj 1^- — cj+cl | = 2 ffAftu + Me , (2.1) 

tag — np ejXQJi TexyqecTH npH pacTH>KeHHH; Bbicoia ctchkh h npHHHTa 
MeKAy CpeAHHHbIMH AHHHHMH nOAOK, KaK 3TO npHHHMaeTCH npH paCCMOTpe- 
HHH TOHKOCTe H H BI X npO<j)tHAeH. 
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AHajionwHo cyMMa momchtob OTHocHTejibHO och y paBHa 


a 


2o T | d n (2 u & j 

- [~ (|« + «)] + [- (| +«-«) ] + 

+ \ } = M,. (t>- — 2«* — | a* j 


+ u+a I ! — 


(«' 


«)] 


+ 

( 2 . 2 ) 


(njie^H ycHjiHH OTHocHTejibHO och y cHHTaiOTCH n 0 ji o>k H tc ji bH bi m h cnpaBa 

OT OCH y ). 

HcKJifOHaH H 3 ypaBHeHHH ( 2 . 1 ) h ( 2 . 2 ) napaMeTp a , HaxoAHM aaBHCH- 
MOCTb M0>K^y H 3 rH 6 aK>mHMH MOMCHTaMH b ynpyroHrijiacTHHecKOM COCTOHHHH 
AByraBpa 


M? 


(M x -M Icr +ffAc 2 ) s + 


Mj 

K 




2 a 2 

3 


( 2 . 3 ) 


riocTOHHHbie BejinqHHbi b <f)opMyjie ( 2 . 3 ) HMercn cjieAyiomHe BbipaweHHa: 

npe^eJIbHblft MOM 6 HT OTHOCHTejIbHO och y 


M yj — o r d a 


b* 

2 ’ 


( 2 . 4 ) 


npeAejibHbifi momcht nojioK OTHocHTejibHO och x 

Mr nol , = o T d n bh; 


TO >Ke AJ 1 H CTeHKH 


-V Tr 



( 2 . 5 ) 

( 2 . 6 ) 


npH a = c = 0 nojiyHHM (jjopMyjiy ajih npeaejibnoro coctohhiih ceqe- 
hhh, cooTBeTCTByiouxyK) amope Hanpn>KeHHH Ha pnc. 2 , 6 , 

(M c -M T qt Y m, 


m 


M, 


= 1. 


( 2 . 7 ) 


i/r 


YpaBHeHHe ( 2 . 7 ) jierKO HaHTH Henocpe/jCTBeHHo no puc. 2 , 6 , npwpaBHH- 
Ban BHyTpeHHne ycHjina BHeniHHM cnjiaM. 

Bbipa 3 HM MOMCHTbl M x H M y HCpea BH 0 UIHHH MOM 6 HT HpH KOCOM H 3 rH' 6 e 
h nepe .3 yroji HaKJioHa BHemHefi cnjibi c ocbK) y 

M x = M cos a, M y — M sin a. ( 2 . 8 ) 


lloACTaHOBKa Bbipa^eHHH ( 2 . 8 ) b ypaBHCHHe ( 2 . 7 ) a aeT KBaApaTHoe 
ypaBHCHHe OTHOCHTCJIbHO M 


M 2 — 2 M — + -A- 
COS a cos « 


(K„-K,J = 0, 


oTKyAa 

m = <2 - 9) 

rAe Hepe3 71 o6o3HaHeH0 Bbipa>KeHHe 

M 2 

^ = < 2 ' 10 ) 
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Ha ypaBHemiH (2.9) mo*ho onpeji,eji«Tb BeJwreHHy npeAeJibHoii 
narpyuKH, ecjin Bbipa3HTb M nepe3 npojieT h BHeuiHKJio Harpy3Ky. 

floAejiHB o fie uacTH paBeHCTBa (2.9) Ha npeAeji TeKyHecra a t u noa- 
craBHB M Tct h Mr nOJl m (2.5) h (2.6), nojiyHHM <jx>pMyjiy iuiacTmeoKoro 

MOMeHTa COnpOTH BJICHH 5 I C&H 6 HHH 


M 

(J T 


=T= 


h 2 

4 cos « 



— 44 n tga + 


|/(^c-4(j n tg«r-«j c *+^^]. (2.n> 


3A,ecb h, b , 8c h — pa3Mepbi noneperaoro ceneHHH, KaK yKa3aH0 Ha 
pHC. l,a. 

npH a = 90° (cos a = 0; tg a = oo), t. e. npH h arnfie b hjiockocth Han- 
MeHbmeH jkoctkocth, njiiacTHqeoKHH momcht conporn bjioh h h no <j)opMyjie 
( 2 . 11 ) CTaHOBHTcn HeonpeAejieHHbiM. 

IlpH a = 90° Ha CTOHKe AByraepa anjopbi HanpH^eHHH He 6yAeT. 
B cbh; 3 h c 3 thm nojuaraeM Bbipa>KeHHe warnSaiaiiiero MOMeHTa ctohkh otho- 

CHTeJIbHO OCH X pBBHblM HyjIIO H TOI^a HaXOAHM 

0 Qno /010 , 
16<fn + Ftg*^ / = o n P H a " v9 ° • (^ 12 > 

PacKpbmaH HeonpeA^JieHHocTb no npaBHJiy JIonuTajiH, ommaiejihuo 
nojiyHHM 

T=T y = 6 -f\ (2.13) 


T = 


h sin 


4 cos 5 


- - 

« \ 


“4J n + 


riOJIb3yHCb 4)OpMyjIOH (2.11), Mbr BbIXHCJIHJiH MOM€iHT OOH p OTHlBJIGH H H 

AJin AByra-Bpa Ns 20 npn H3M©HeHHH yrjxa HaiuiaHa cnjibi ot 0 a o 90°, npn- 
neM KaK TQjrm,HHa hojiok, tbk h TOJiin,HHa ctchkh npHHHMajincb nocTOHH- 
HblMH Ha BCeM inpOTHJKeHHH. 

JXJifi cpaiBHeHHH nocHHraHbi xaiQKe Bejimnebi ynpyrax MOMeHxoB conpo- 
THBjieHiin no (JiopMyjie 

w = W x W g (2.14) 

w W x sin «+ Wy cos « ’ v ’ 

rjxe W x n W y — MOMeHTbi conpcmiBjieHHH OTHocmejibHo rjiaBHbix ocen Haxo- 
AHJIHCb H3 Bbipa>KeHHH: 

h 2 7)2 

W x =d n bh+d c -g, Wy=d a -g. (2.15) 

llojiyMeHHbie peayjibxaxbi nio.Mein.eHbi b Tafiji. 1 h HaneceHbi Ha pnc. 3. 

Ta6jiHua 1 


a 

rpajj. 

T 

cm\ 

W 

CM % . 

T 

W 

X, 

X* 

M x 

M x 

*T 

0 

253,2 

232,1 

1,09 

0 

1 

5 

214,4 

144,7 

1,48 

0,374 

0,841 

10 

181,5 

105,6 

1,72 

0,632 

0,707 

15 

154,0 

I 83,7 

1,84 

0,797 

0,588 

30 

98,7 

53,3 

1,85 

0,987 

0,338 

45 

70,3 

41,2 

1,70 

0,994 

0,197 

60 

56,0 

35,5 

1,58 

0,995 

0,111 

75 

51,5 

33,2 

1,55 

0,995 

i 0,053 

90 

| 50,0 

33,3 

1,50 

1 

i o 
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KpHBbie na pHC. 3 noKaabiBaiOT, hto ynpyraft momcht conpoTHBjieHHa 
AByraBpa peaiKo na^aCT npn Majibix yrjiax HaRjiOHa (a o 30 °), a aaTeM, npH 
B 03 p acTa h h h yrjioB, inepexoAHT b ruiaBHyio KpHByio, aip h6 jiihh< a kmh yioc h 
k och x. njiacTH^ec'Koro MOMeHra coup oth BJie hh h aro naACHne MeHee 
pe3KO, xoth BCjiH^HHa T ripH a = 90 ° b nHTb pao MCHbixie, neM npn a = 0 °. 
T 

OrHouieHHe — HaH(x>Jiee bojthko aah yrjioB b npoMOKyrne 15 — 30 °. 
W 

TaKHM a 6 pa 30 M, pacneT no ripeAeJibHOMy coctohhhk> npHBOAHT k HanSo/ib- 
Iliefl 3 KOHOMHH HMCHHO JUM 3THX yi\JIOB. 

B radii. 1 npHBeAeHbi raioxe othouichh^i rr^- h KOTOpbie Aaior upe- 

ACJibHyio KpHByio, orpaHH^HBaiouxyio ynpyro-ruiacTHHecKyio o6jiacTb 
( pile . 4). AHaJiorH^Hbie KpHBbie juia paaHbix ctbahh ynp yro-n ji acrmecKoro 

COCTOHHHH MOJKHO HaHTH 



3. IllBejiJiepHbiH npocjmjib npH kocom H3rH0e 

MlICTblH IKOCOH H3TH 6 HIBCJI JI©p H OrO (BpO^HAH OCymeCTBJIfleTCH B TOM 
cjiyrae, KorAa cnjia npHJio^KeHa b ueHTpe narada niBCJUiepa (pnc. 5, a). 
ripH 3 tom HCHTpajibHan ocb y>Ke He npoxoAHT qepea ueHrp th>kccth cene- 
hhh. B LUBejiAepe Bbicoiy ctchkh h npHHHMaeM ot cpeAHHHbix jihhhh 
TIOJI0K, a IIIHpHHy nOJI'KH b OT OCH CTCHKH; Xq — p aCCTOHHHe UCHTpa THH<eCTH 
cchchhh ao cpeAHHHofi jihhhh ctchkh. 




H 

—L 




(Vg) 

T 

K p* 

;d 

V 


^ 

* > 

** 

l 

±1 i&/ 

i 

X 





H T i 

i=: ! 

j 

; !- 



- Vr 

F 7 



AHaAorn^HO npcAbiAymeMy, paccMorpuM ynpyrne aniopbi Hanp5i>KeHHH 
OT MOM6HTOB, AOHCTByiO'IUHX B TAaBHblX njIOCKOCTHX, Kax noKa3aHo Ha 
pnc. 5 ,6 h 5,0. CyMMapHan aniopa sthx Hainpn>KeHHH 6yACT HMeTb HyjieBbie 
tohkh Ha cTeHKe h HH>KHeH nomce, ecjiH yrjibi HaKjioHa BHeuiHeH Harpy3KH 
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HeBejiHKH, hah TOJibKo Ha noAKax, ecjm yrjibi a 6 ojibiiiHe. PaccMOTpHM 06a 
CAyraH. 

B nepBOM cjiy^ae, kotaa HeHTpaJibHan ocb nepeceKaeT cremcy h oAHy 
H3 noAOK, r. e. KorAa npeofijiaAaeT BepTHKajibHan cocraBA h toman meuiHefi 
CHjibi, aniopa HanpnaKeHHH a ynpyro-njuacraqecKOM coctohhhh HMeeT bha, 
ii3o6pa^KeHHbift Ha pnc. 6, a. 

napaMerp v odoaHanaeT paccTOHHHe HyAeBOH tohkh aniopbi ctchkh ao 
och x , a napaMeTp d — paccTOHHHe HyjieBofi tohkh amophi iioakh (hhjkhch) 
ao och y. ITp oTH^KeHHH nojiOBHHbi ynpyroro HApa iB CTeHKe h hoaro o 60311 a - 

HCHbl C OOTBCTCTBC H H O 6 yKBaMH C W CL. 




3anHiueM ypaBHeHHn p a b hobcc h h , hcxoah hs amopbi h a mp n >k ch h h Ha 
pnc. 6, a. 

H 3 rH 6 aiomHH momoht othochtca bHO och x pa BCH 

M x = ^d n h(x 0 +d) + oj c (^ -v*- ; ( 3 . 1 ) 

H 3 rn 6 aK)mHH MOMeHT OTHOCHTeAbHO OCH y 

M u = o 1 d„ |( 6 — * 0 ) 2 -d} — ^ j + 2o T dcX 0 v, ( 3 . 2 ) 

cyMMa npoeKUHH bccx cha na ocb z (npoAOAbHyio ocb ctcp^khh) paBHa 
nyAio 

6-A- 0 -d-^r; = 0. (3.3) 

lloACTaBAHH b nepBbie ABa ypaBneHHn 3HaHeHHe d , onpeACAeHHoe H3 
( 3 . 3 ), HaxoAHM 

M x — M Xy = + hv + ; 

( 3 . 4 ) 

c^2 / (5 \ ' 7 

M y = — + (j T (? c \ 2bv — ~j v ] * 


rAe M Xj npeACTaiBAHCT cyMMy bcahhhh ( 2 . 5 ) h ( 2 . 6 ). 

HcKAionan v , noAyHHM 3 aBHCHM 0 CTb Me>KAy M x h M y b bhag 



3 Accb F — nAO-maAb nonepeqHoro oemeHHH paaHa 

F= 2 d R b + d c h. ( 3 . 6 ) 


46 


Sanitized Copy Approved for Release 2010/04/21 : CIA-RDP80T00246A032500880001-4 



Sanitized Copy Approved for Release 2010/04/21 : CIA-RDP80T00246A032500880001-4 


nojiara-H a = c = 0, onpeACAHM coot ho me h He M65K Ay AcftcTByioiijHMH 
cf)aKTopaMH b npe^ejibHOM coctohhhh uiBejmepa, noKa3aHHOM Ha pnc. 6,6, 

Jfc , «, Ft. I. M, l/~ M~, \ _ , ,, _ 

M- + K,x\ b ~^F-r tt)-'- (3J) 


Ilocjie 3aMeHbi M x h hx BbipaxceHHH ak H3 (JjopMyjr (2.8) h cootbct- 
CTByiou^Hx npeoSpaooBaHHH hbxoahm 

M x - 2 Ma t | + ff * J (ft £ - 2F&) = 0, (3.8) 


OTKyAa njiacTHHCCKHH momcht con porn bachhh aah unBeAAepa npn KOCOM 
H3rn6e 


M G 

a T T ~ L 


G ] ,/G 2 T x I _ d c 
L " r I L £ l 7 **. 


T ‘T~ 2Fb )' 


3Aecb G h L HMeiOT CAeAyiomae Bbipa>KeHHH 

(? = - (r,+ F^) sin a + (t, J -Fb) cos «; 

L = ^ sin 2 a — 2 sin « cos a + cos* a, 


(3.10) 


7\. — njiacTHHecKHH momcht conpoTHBACHHH uiBejiJiepa othochtcjibho ocii x 


T x = <$„bh 4- d c 


(3.11) 


Bo BTopoM cjiynae, KorAa HeHTpajibHan ocb rrepeceKaeT o 6 e noAKH, t. e. 
npeoOAaAaet ropH 30 HTajibHan cocraBAHiomaH BHeuiHeH cham, 3niopa Hanpn- 




>kchhh b ynpyro-nAacTHqecKOM coctohhhh ceneHHH npHMCT bha corAacHo 
pnc. 7, a. 

Eh cooTBeTCTByKxr ypaBHCHHH 

M x = <T T 6 n h(u + d); 

-v,= M„[(6-x 0 ) s + ^-u 2 - d* - ^ f ] + Me hx 0 ; (3.12) 

h d c 

b—2x 0 + u—d— 2 ^- 0 . 
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ypaBHeHHH (3.12) AaiOT TaKyiO 3aBHCHMOCTb MORAY M x H My. 


3aecb 


i / m: 

2M yi loA/i’ 


+ o r 6 n D 




+ 


o r d n 

SSL 


(a*+al)= 1. 


/M, t =°t<U(6-* 0 ) 8 +*o1 + a ^chx„; 


(3.13) 

(3.14) 


D=b— 2x„ — 


Jc h 

*„ 2 * 


(3.15) 


npH paonpocrpaHeHHH TeKymecTH no ®ceMy cenennio msejuiepa, KorAa 
a = a, = 0, 4>opMyjia (3.13) npHoSperaer bha 


_ 1 _ 

2 4 t 


( Ml 

\o x d a ti 


+ 


+ *k = 1 


(3.16) 


OTMeTHM, HTO 3aBHCHMOCTH (3.7) H (3.16) MO>KHO IIOJiyHHTb HenOCpeACTBeHHO 
K3 pacoMonpeHHH smop Ha pwc. 6,5 h pnc. 7,5. 

Bbipa 3 HB cHjioBbie cfiaKTOpbi qepe3 momcht M h yroji a corjiiacHO (2.8) 
h peuiHB KBaAparaoe yipaBHeHne othoc htc ji bH o M, HaxoAHM (J)opMyjiy ajih 
onpeAejieHHH rrpeAeAbHOH Harpy3iKH bo BTOpoM cjiynae 



d n h 
cos « 


/ 1 / 

[~htga + \ h*tg*a + ^- 



(3.17) 


XIab yrAa a = 90° ypaBHeme (3.17) np hboaht « He on pe Ae a e h hocth 
0 

BHAa q , nocAe paoKpbiTHH KOTopon noAynHM 

T= 7’ y = 4n[(6-^r+^] + *chx t . (3.18) 

Kan cjieAyeT ms TpeTbero ypaBHeHHH (3.12), D = 0 npH u — d = 0, 
t. e. HeHTpajibHan ocb coonaAaer c ocbio y. 

HccjieAyew hcxoahmc cHcreMbi ypaBHeHHH (3.1) — (3.3) h (3.12) b npe- 
AeAbHOM coctohhhh, KorAa c = a ~ ai = 0 . 

.Hah cjiynaa, Kama Heih-pajibHasi ocb, nepeeeKaa hhjkhk>k> noAKy, nepe- 
ceneT cenemie, HanpHMep, .b to nice m (b m ec're coeAHHeHHH BepxHefi itoaikh 
co ctchkoh, puc. 6,6), o6e cmereMbi ypaBHeHHH iuphboahtch k oahoh ch- 

cTeMe. /leHCTBiiTCAbiio, noAaraH v= ~ b cncreMe (3.1) — (3.3) hah u — x 0 

b cHCTeMe (3.12), eaxoAHM oahh h me ace BbrpaoKeHHH 


M x = o T d„h(x 0 + d)‘, 


J L 

M y =o 1 d a [(b— x„y — d^ + OTdchx^ b~x 0 — d — ^^ = 0. (3.19) 

H3Jio>KeHHoe noKa3biBaeT, hto o 6 e cncTeMbi ypaBHeHHH cnpaBeAJiHBbi 

AJIH BCHKiOFO HOJIOJKeHHH HCHT p 3 JI bH 0 H OCH, HTO HH>Ke HOATBepAHTCH HHCJlO- 
BblMH BejIHHHHaMH. 

Bbmncji'HM njiacTHHecKHe MOMeHTO con p ot hb ji e h h h ho <|)op'MyjiiaM 
(3.9) h (3.17 ) ajih iiiiBeAJieipa (pnc. 8), HMeioHjero KOHryp ceqeHHfl (AJiHHy 
H TOJHAHHy nojiocoK) pa'BHOBejiHiKHH c KoHTypoM paHee paccMOTpeHHoro 
AByraBpa. FIpeABapHTeJibHO onpeACJiHM paccTOOTHe Xo — ueHTpa thhcccth 
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oeroHUH jx o och creHKH, coBMemaH ©cnoMoraTejibHyio ocb y i oo cpeAHHHofi 

JHHHHefl CTOHKH, 


*0 


S Bl 2 - 10 - 1 - 5 - 2 - 0 , 35 - 1 - 0, 175 

F ~ 2 - 10 , 35-1 + 18 - 0, 7 


( 3 . 20 ) 


Pe3yjibTaTbi BbrqncjieHHH inpHseAenbi b Ta6jr. 2. 

Ta6oua 2 


a 

rpa a. 

T ( CM 5) 
no 4 >opMy;ie 
(3.9) 

T (cm*) 
no 4)opMyjie 
(3.17) 

W 

CM 3 


M y 

M yr 

M x 

0 

253,2 

260,0 

232,1 

1,09 

0 

1 

10 

207,7 

208,3 

132,1 

1,57 

0,373 

0,808 

15 

189,8 

188,0 

109,8 

1,72 

0,512 

0,732 

30 

146,6 

145,0 

75,3 

1,95 

0,756 

0,501 

45 

120,3 

119,6 

60,4 

1,99 

0,877 

0,336 

60 

103,8 

103,7 

53,5 

1,94 

0,927 

0,205 

75 

97,6 

97,6 

51,1 

1,91 

0,972 

0,100 

90 

97,0 

97,9 

52,3 

1,87 

1 

0 



Phc. 8. 


HecMOTpn «a paajmrabie aniopbi h a np hhcchH'H npeAejibHoro coctobhhh, 
cooTBeTCTByioiuHe $opMyjiaM (3.9) h (3.17), yKaaa-HHbie cj)opMyjibi Aai ot 

OAHHaKQBbie MOMeHTbl COIipOTHBJieHHH (paSHH-Ua 1 — 2%) JU IH Bcex yrJIOB 
HaKJIOHa CHJIbI H, CJieAOBaTejIbHO, IIpHMeHHMbl JXJIR JIK>6orO ITOJIO}K€HHH HCH- 
TpajibHOH och. OTjimne aaKjnoqaeTCH b tom, hto cj>opMyjia ( 3 . 9 ) BbipameHa 
TojibKo qepes pa3Mepbi nonepe^Horo cctohhh h yroji a, <{)0pMyjia me (3.17) 
BKjnoqaeT KpoMe toto x 0 — KoopAHHaTy i^eHTpa THmecra ceqeHHH a o och 


4 - 53 . 
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creHKH, Bxofltfmyfo b BejiHHHHy D. Hekoropoe pacxoK^eHHe b HHCjioBbix 
pe3yjiibTaTax Mbi oObHCHHCM HeTo^HOCTbio BbmHCJieHHH. B ^aJibHefiineM aj ih 

T 

ontpe^ejieHHH OTHomeHHH — Hcnojib30BaHa aaBHCHMocTb (3.9). 

w 

MoM€HTbi conpoTHB jich ii h b ynpyroM cocTOHHHH uiBeJUiep a onpeAejieiibi 
no (fiopMyjre (2.14), rvue W x h W g HaHAeHbi H3 Bbipa>KeHHH 


W^dnbh+di 


h* 

6 



xl 1 + tchx l 
b~x 0 J b—x 0 


(3.21) 


(H3 A Byx MOMeHTOB COnpOTHBJieH'HH IIIBejIUiepa OTHOCHTeJIbHO OCH y B3HT 
MeHbiUHii). 



Ha pHc. 8 nOKaaaHbi KpHBbie H3MeHCHHH momchtob c on p oth b ji eH juih 
niBeji'jiepHoro ceneHna b 3 a bhchmocth or yrjia Ha/KjroHa oHJibi. Mbi bhahm, 
H'TO npH (KOCOM Hl3ra6e MOMeHTbl COnpOTHtBJieHHH lliBeJIJiepa SHa'HHTejIbHO 
6ojibme no BejimHHe, neu y AByraspa, HMeiomero paBHOBejiHKHH Konryp. 
OpH a — 90° y-npyrHH mom^ht conpOTH b ji ©h h h b nHTb paa, a HJiacTHqecKHH 
b m sa c noJiOBHHOB pa3a MeHbiue ctxyrBeTdByiomHx BejiHHHH npn- a = 0°. 
T 

OTHomeHHe HaHOojiee bcjihko jxjik yrjioB a ot 30 ao 60°, npnqeM 

npn a = 45° oho AOcraraeT 2. 

rpa4)HiK OTHOiIUCHHH H H306pa>K€H Ha pHC. 9. 

‘“Vt 

Ha pnc. 10 paccM'OTpeHHbix npo(})HjieH npeACTaBJieHO -H 3 MeHeHHe 

T 

OTHomeHHH — — b 3 aBHC h mocth ot yrjia a. Kax yme oTMenajiocb, HaH6ojib- 
Vv 

rnee OTHomeHHe momchtob conpoTHBjieHHH jij ih AByTaBpa HaSjiKxaaeTCH npn 
Majibix yrjiax HaKJiOHa chjiw (15 — 30°), ^jih uiBejuiepa — npn 6ojibuiHX 
(30—60°). 

CpaBHeHHe -noKaabiiBaeT, hto npn kocom m>rw6e uiBejuiep c paBHOSBejiH- 
khm AByTaBpy KOHTypoM HBjineTCH b SoJibuiHHCTBe caynaeB '6ojiee BbiroA- 
HbiM ceneHHeM, hcm AiByraop. 
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3 aKjiK>MeHHe 


HpeanaraeMbifi^ cnoco6 pacvera MeTajutHHecKHX npod>Hjieft npn kocom 
H3raoe, ocHOBaHHbiH Ha paccMOTpeHHH aniopbi Hanpn^eHHH npH HajmqnH 
TeKyqecTH ,b ceneHHH, ^aer npocrbie pacncTHbie 4 >opMyjibi h viiodeH rjir 

II p H M ©H 0 H H H . ^ n 

nojiyqeHHbie peayjibiaTbi noKaabiBaioT, mo npHMeHeHHe pacneTa no noe- 
AejiBHOMy cocTGHHHro no cpaBHGHHio c pacneroM b npe-iejiax ynovrocra 
npHBOAHT iK 3 H a H HT 6 JI bH OH 3 KOHOMHH MeTajIJia, CBH 33 HHOH K 3 K C reOMCTO Heft 
nonepequoro ceqeiinn. rax h c yryioin HamiOHa BHeniHefi HarpysKH. 

ConocTa.BjieHHe AByTaepoBoro h uiB&TMepHoro inpo^Hjien nosBo.iaeT 
MejiaTb BbiBOA, mo pacneT no npe^ejibHOMy coctohhmio HanSojiee BbiroaeH 
Ana AByraapa .npn Majibix yrjiax HaKjiona BHemHeft cnjibi, a ajm uiBeji- 
Jiepa — npn 6ouibiiiHx. 


Jin l EPATyPA 

nnu ,!' B ' H ’ r °P 6 y H0B « B r- HyaHOBCKHii, Packer 6aJ!OK Ha KOCOfl H3TH6 
buh. H I935 CKHX ile(f]0pMaUHHX ’ C6 °P hhk T PyaoB KneacKoro cxpoHieawioro HHcrHTyxa, 

" 3rHC 3 T H 54™*"*° ^ » b CiP<^e^bHaH P n^^umaeHHWTb^^ “ Tg 3 °9 

H 3 a. BHA hm Kyfl 6 wmeBa eB MoSa° H 1 “ * 0& " C ™ ” C0X *«}>opMauHH, 
pnaJo, CtpoH^hmo^^t? ml™ C °° Py>Ke * ii C naacTHMecKHx ceoflc™ «axe- 
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HHCTHTYT CTPOHTEJIbHOPI MEXAHHKH AKA£EMHH HAYK YCCP 

1953 CBOPHHK TPY/tOB JSfe 18 


KO300HUHEHT nOAAEP)KHBAK)IUErO AEHCTBHJ1 nPH M3rMBE 

AEPEBHHHbIX EAJIOK * 

0 . 77 . BejiHHKUH 

B CTaTbe paccMaTpHBaeTCH Bonpoc o TeopeTH^ecKOM h SKcnepHMeHTajibHOM onpeAe- 
jieHHH BejiHHHHbi K03(})(J)HUHeHTa noAAepJKHBaiomero aghctbhh npH H3rH6e GaJiOK. 

Ko3^)(})HUHeHT noAAep>KHBaiomero aghctbhh onpeAejiaeTca b cj>yHKUHH ot ko3(J)cJ)h- 
uneHTa BHyTpeHHero TpeHna MaTepnajia. 

npeAejibHan Hecymaia cnocofiHocTb AepoBHHHbix SajiOK npH H3rH6e 
AOAHtHa onpeA.ejiHTbCH ne mnbKO c yqcTOM o6pa30Ba.HHH nAacTHqecKHX Ae- 
4>opMau,HH ApeBecHHbi, iho h c yneTOM noAAep >k hb aiomero AeftcTBHH ynpyro 
Hanpn^eHHbix boaokoh, 'KOTopoe ohh 0Ka3biBaK)T njiacTHqecKH Ae^opMHpo- 
BaHHbIM BOJIOKHaM H3rHl6aeiVK>H 6aAKH. 

CaMoe o6mee ,Bbipa>KeHHe aah onpeAeACHHa npeACAbHofi Hecymefi cno- 
co6hocth AepeBHHHbix 6aAOK npH H 3 A 0 Me hx H3rn6oM, ocHOBaHHoe Ha Tpe- 
yrojibHo-TpaneuoHAaAbHoft eniope Hanpn>KeHHft b ripeAeAbHOM coctohhhh 
6aAKH h npH Ha JiiHHH'H noAAep>KH'BaK>mero Aefi ctbhh, 6biAO npeAAOHteHo 
H3MH B 1933 r. B BHAe (J)OpMyJlbI 

Mx = %uQo c)k W, 

rAe Mji — jioMaiomHH momcht nipH Hi3ra6e AepeBHHHOH SaAiKH; 

£ — KOS-tJx^'HUHeHT HOAAepHtHBHKHAerO A6HCTBHH, yHHTblB? K>LU,HH HO- 
BbimeHHe Hecymefi cnocogHOCTH 6ajiKH BCAeACTBne noAAep>KH- 
Biaiomero a^bctbhh ynpyro ih anp h>k eH h bix boaokoh, KOTopoe ohh 

OKaabliBaiOT HA aCTHHCC KH A€(} 30 pM H po B a HH bl M BOAOKHaM; 

^ — K03(})(j)HiAHeHT, yHH Tbi b aiomH'fi noBbiiuieHHe Hecymefi cnoco6- 
hocth ifiaAKH npH yqere nAacTHqeoKHX Ae^apMaimfi Ape-BecHHbi 

(Tp 

H HBAHIOmHfiCH H31BeCTHOfi (fjyHKUHefi OT = AAH Ka>KA<>H 

^CJK 

(jjopMbi nonepeqHoro ceqeinin Sbakh; 

(Jp — UpeACA 'npOHHOCTH ApeBCCHHbl npH paCTH>KeHHH; 

(Tc^ — npeAeA npoqHOCTH ApeBecHHbi npH onaTHH BAOAb boaokoh; 

0 _ Koa^HUHCHT, 3aBHCHmHfi ot (})opiMbi nonepeqHOiro ceneHHH 

IH H B A H lOUAH HCH HBBCCTHblM OTH OHIC H H€ M HpeACAbHOfi Hecymefi 

ctI'Oco6hocth 6aAKH 3aAaHHoro cenenHH k upeACAbHofi Hecymefi 
chocoShocth 6aAKH cnAoniHoro npaMoyroAbHoro ceneHHH, ohh- 
caHHoro BOKpyr aaAaHHoro ceqeHHH (aah npHMoyroAbHoro ceqe- 
HHH KO 0 (j> (j) H UHC HT (j)OpMbI 0 = 1 ); 

W — MOMeHT COH pOTH BACH HH HOnepeTHOrO CeqeHHH H3rH6aeMOfi 
6aAKH. 

* B pa60Te npHHHMajfa yqacTHe m^. HayMH. coTpyAHHK H. H. TycAHCTaH. 
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Ha npaKTHK© BCJimuHy npe^ejra npcmocTH AiepeBHHHoft 6aji.KH npn 
nornSe yAo6Hee onpeAeAHTb no tJjopMyjje 

- Ma t /n 

lean aejiHHHHy ycjioBHoro «anpH>KeHHfl, oraenaioinero rapeAejibHoiMy coctoh- 
HHK) 6ajiKH, a BejinqnHy npeflejibHOH Hecymen cnocoSHOCTH dajiKH npn 
H3r»6e — no npocTon (fopMyjie 

it/jl = OrW. 

BejiiHMHHa npe^ejia npoHHOcTH npn nannSe mojkct 6biTb onpeAejieHa 
TeoperanecKH no nanAeHHbiM ne n oc p e ac tboh h o H3 onbiTa BejimHHaM npeAena 
npOAHOCTH npn P aCTHJKOHMK Op H CJK3THH O clK ApCBeCHHbl BAOAb BOJIOKOH, 

TaK «a« BeAHAHHbl jX H 0 HBAHKXTCH HiBBeCTH bIMH (JyHKUHSIMH (A i| = — 
AJiH KawAofi H3 aaAaHHbi'X (j)opM nonepeuHoro ceneHHH 6amn. ° cx 

CornacHo pe3yAbTaTaM 3 kc nepn mci it a ji b h bt x AanHbrx *, BejinnHHa ko 3<J)- 
(JwuHeHTa noAAep>KHBaiioin,ero aohctbhh aah paaHbix ApeBecHbix nopoA 

B 33 BHCHMOCTH ot iK03(J)t(J)'Hu,neHTa t] = — KOJiednercfl b npeAenax 

°CHC 

1,06 — 1,35, HMen cpeAHee 3HaneHHe 1,18. 

BejimniHa k 034xj)iHii,H cht a noAAep^KHiBaiamero AeficTBHH, «aK noKaaajiH 
HauiH onbiTbi **, oipn abhhoh (J)opMe nonepeqHoro ceneHHH He 3aBHCHT ot 
pa<3MepoB ceqeHHH. 

npn onpeAejieHHH npeAejiibHOH 'Hecymeii choco&hocth SajiOK npn Harare 
noAAep>KHBaioimee ACHCTBHe, oKasbisaeMoe nJiacTH^ecKH a ecjjop m up o b an h bi m 
BO jiOKHaM co CTOpoHbi ynpyro Hanpn^KeHHbix boaqkoii, oSbiuho, no JiHrepa- 
XypHblM AaHHbIM, He np HHHiM aeTCH BO BHHM aiHHe BBHAy Toro, HTO 3KCnepH- 
MeHrajibHbie peayAbTarbi HKo6bi He noATBepHCAaiGT HajiHHHH TaKoro 3(jx})eKTa 
noAAep^Hsaio^ero achctbhh. 

ripeneOperaH BejiHHHHoft K03c})4)HUHeHTa noAAep^KHBaiomero AencTBHH, 
Mbi cHH>KaeM onpeAejieHHyio no (^opMyjie BCjiHHHHy Hecymefi cnocaSnoerH 
6aAKH npn mm6e b cpeAHeM Ha 18%, c ko jie6 a h H e m ot 6 ao 35% jsm 
paaHbix ApeBecHbix nopoA. 

OSbiHHoe HcnbiTaHiie ApcBecHHbi Ha Hi3rn6 no cxeMe 6ajiKiH, cbo6oaho 
AOK ameft Ha AByx onopax, c oahhm cocp eAoroqeHHbi m rpy 30 M, npiHAOHceH- 
HbiiM no cepe ah He npoAeTa, hah c AByMH pa'BHbiMH cocpeAoroneHHbiMH rpy- 
33MH, pacriOAO^<eHHbIMH CHMMeTpHHHO no o6e CTOpOHM OT CepeAHHbl npo- 
AeTa, Bbi3biBaeT aHaraTeAibHoe cMHrne ApeBecHHbi nonepex boaokoh KaK Ha 
onopax, TaK h b MecTax n p h a o >KeiH hh Harpy 3 wh noA h arp y3 ohh bi m h nyaHco- 
HaMH; 3 to CMHTHe TeM 6oAbuie, hom Mnrne ApeBecHHa. 

CMHTne ApeBecHHbi hoa HarpyaoHHbiMH .nyaHCOHaMH BbiabtBaeT 3HanH- 
reAbHoe 0CAa6AeHHe ceneHHH b Mecrax n pH ao >k e h h h HarpyaKH, hto b cboio 
onepeAb Be act o6biaHo k H 3AOMy o6pa3ua no 3 thm ceneHHHM h k 3HanHTeAb- 
HOMy cHH>KeHHio noiKaaaTeAeH npoHHOCTH ApeBecHHbi npH HcnbiTaHHH Ha 
H3AOM npn Harare. 

yiBeAHneHHe paAHyca aaKpyrAenHH HarpyaonHbix nyaHcOHOB, npHMeHe- 
Hue paaHbix TBepAbix hah MHrKHx npoKAaAOK noA Harpy30HHbrMH nyaHCo- 
HaMH He HCKAionaeT BpeAHoro 3(})(})eKTa cmhthh ApCBecHnu nonepeK ee 
BOAOKOIH. 

ZIah HCKAIOHeHHH BpeAHOTO BAHHHHH CMHTHH ApC'BCCHHbl B pa^OHeH 
nacTH o6pa3ua hsmh 6bia upejxJioyKeu o6pa3eu c onopHO-Harpy30HHbiMH 
roAOBKaMH***, cpeAHHH pafionan nacTb KOToporo HaxoAHTCH b ycAOBnnx 

* O'. FT. BejiHHKiH, IljiacTH^Hi jie<|)OpMauii i niATpHMyioHa aih npH 3rHHi ^epeB’a- 
HH\ 6ajioK, bht. AH yPCP, 1936, CTp. 56. 

** O. n. B € JI H H K i H, AoCJliAJKeHHH MiUHOCTi AepeB’flHHX 6a^OK, BHA. AH yPCP, 1938. 

*** Ta\i *e, CTp. 8 — 13. 
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HHCToro H3PH'6a h ApeBeciiHa He no^BepraeTCH b 3to 6 nacTH ajih Hbi o6paaua 
cmhthk> nonepeK bojiokoh. 

HcnbiraHHe Ha h3th 6, inpoBeAenHoe Ha 14 ApeBecHbix nopOAax, noKa- 
aajio, hto npejxeji hpohhocth npH nareSe, nojiiyHeHHbiH npn HcnbrraHHH 
oSpaauo© c on op ho- h arp ysm Hbi m h rojioBKaMH Ha 8,5— 34,0%, a b opeAHeM 
na 19% Bbirne, hom ajih oSpaauos Sea tojiobok. 

Ka<K noKaabiBaeT cpaBHCHne -cpeAHero <h rpaHHHHbix BHaneHHH K03(fx})H- 
UHeHra noAAepjKHBaiomero aghctbhh, BojiyneHHbix H3 onbiTa, co cpe/jHHM 
H rpaHHHHbIMH 3HaH€HHHMH CHH>KeHHH Hpe^eJia npOHHOCTH ApGBeCHHbl npH 
H-cnbiTaHHH Ha oSpaauax Sea iwiobok, BeAHWHhi am hohth nojiHocTbio 
coBnaAaiiOT. 
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Phc. 1. 



Phc. 2. 


HcHO, HTO oSbIHHOe HOpMHpOBaHHOe HCnbITaHHe o 6 pa 3 UOB ApeBeCHHbl 
Ha H 3 rH 6 , npn KOTopoM He HCKjHoneHO BpeAHoe BjiHHHHe cmhthh Apese- 
cHHbi nonepeK boaokoh, He Morao o&HapyHtnrrb atJx{)eKT n oaac p hc hib a pome ro 
Aghctbhh, AaBan GHannieJibHo noH h >k€H h bie noKa 3 aTejiH npoHHocTH ApeBe- 
chhbi npn HtarnSe. 

XUfl HayqeHHH acjxJjCKTa noA*Aep>KHBaiomero a^hctbhh n p oh aBeAeH o 
■HcnbiTaHHe AopeBHHHbix oSpaaHiOB (})opMbi Ky6a paaMepoM 5X^X5 cm , 
OAHa cepHH HenbiTaHHH npoBeAeHa na oSpaauaix cocHbi, Apyran cepnn Ha 
oSpaauax AySa. KaacAan cepHH oSpaanoB paaSn-Ta na nHTb rpynn, no nnTb 
o6pa3u,oB b Kan<AOH rpynne. IlepBaH rpynna, cocTontnan H3 nmn o6pa3uoB, 
HicnbiTbiBajiacb Ha oKarae baojib bojiokqh ApeBecHHbi no nojinoH njiomaAH 
noneperaoro ceneHHH o6pa3ua, a ocTajibHbie rpynnbi ncnbirbiBajiHCb npn 
nOMOLAH AByX 3a>KHMHbIX njIHTGK HO H aCTH nAOIII.aAH, COCTaBJIHK)IUeH 0,8; 
0,6; 0,4 h 0,2 ot nojiHon miomaAH nonepenHoro ceneHnn o6pa3ua. npeAeji 
npoHHOCTH ApeBecHHbi onpeAejineTCH ycjioBiio k a;K nacTHoe ot ACJieHHH paa- 
pymaiom,ero rpyaa Ha narpy>KeHHyio nacTb njioiuaAH inonepenHoro cenennH 
aSpaiaua. 

PeayjibTaTbi HcnbiTaiHHH aah Bcex oSpaiauoB h cpeAHne 3HaHeHHH npe~ 
Aejia npo'HHOCTH ApeBecHHbi npeACTatBJieHbi Ha rpac})HKax (pne. 1 — aah 

eocHbi h pnc. 2 — AJitf AySa). Kan bhaho rag rpa4>HKa, c yMenbuieHneM 
Harp y^KeHHOH hhcth nonepeHHOiro ceneHnn oSpaaua npeACA npomocTH Ape- 
eecHHbi cHanajia naAaeT, AOCTHraer MHHHMyMa, a aareM HannHaeT pacTH . 

Xapaxiep H3MeHeHHH npeAeJia nponHOCTH HBjineTCH pe3ynbTaTOM agh- 
CTBHH AByX 4»aKTOpO'B. riepBbiM H3 3THX (J)aKTOpOB HBJIHeTCH KOHfUeHTp a UH H 
HanpH>KeHHH, HMeioinaH MecTO y peSep HancnMHbix hahtqk. BeAHHHHa koscJ)- 
(})nuHeHTa KonueHTpaHjHH H3MeHneHcn «eaHaHHTeji*bHo, yBejiHHHBaHCb c yMeHb- 
niieHneM AJiHHbi HaauiMHbix hahtok, t. e. c yMeHbineHHeM Harpy>KeHHOH 
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qacTH ruoma/m nanepeqHoro ceqeHHH o6paaua. KoHueHxpauHH Hanpn>KeHHH 
BeAeT k cranKemuo npeAejia npoqHoexH ApeBecHHbi. 

BTopbiM 4>aKTopoM, BJiHHioiiiHM Ha xapaKTep H3M€HeHHH npeAeAa Xlpoq- 
hocth, HBJineTCH n o AAep >k h.b a louxee AencxBne HCHarpy^KenHOH qacTH ofineMa 
o6pa3ua, :KOTopoe oHa OKa3biBaeT Harpy^eHHofl qacTH oS'beMa ogpaaua, hto, 
ecTecTBeHHo, BeAeT ik noBbiiiueHHio BejiHHHHbi npcAejia npoqHOCTH ApeBecHHbi. 
MeM MeHbuie Harpy>KeHHaH qacTb o6x>eMa oSpaaua, t©m 6ojibuie ero Hena- 
rpy>KeHHaH qacTb h TeM Sojibuie noAAepjKHBaiomee AeHOTBHe axoro 6ojib- 
rnoro o6x>eMa. 

rip'H 6ojibinoH njioiuaAH Harpy^eHHOH qacTH nonepeqHoro ceqeHHH 
oOpaaua noAAep^KHBaiomee AencTBHe Majioro HeHarpy^eHHoro o6'beua 
o6pa3ua HeBejiHKo h npeBajinpyiomee 
3HaqeHne HMeeT KOHueHTpaixHH Hanpn- 
>KeHHH, hto BeAeT k CHHH<eHHK) npe- 
Aejia npoqHOCTH ApeBecHHbi. 3 to chh- 
>KeHHe npeAejia npoqHOCTH ApeBecHHbi 
o6pa3ua, c>KaToro no qacTH nAomaAH 
nonepeqHoro ceqeHHH, b cpaBHeHHH 
c npeAeAOM npoqHocTH ApeBecHHbi, 
nojiyneHHbiM Ha o6pa3i;e, c^KaTOM no 
Been nAomaAH ero nonepeqHoro ceqe- 
HHH, noKa3aHo Ha jieEoii qacTH KpH- 
boh (pnc. 1 h 2). TpaAHeHT naAeHHH 
AeBOH qacTH KpHBOH Bee fiojiee h 6o- 
Aee yMeHbinaeTCH c B03pacTaHHeM He- 
Harpy>KeHHoro o6T>eMa o6pa3ua, hto 
ofiBHCHneTCH yBeAnqeHHeM noAAep^KH- 
Baiomero AeHCTBHH, OKa3biBaeMoro 

3THM o6BeMOM. 

3(})4)eKT KOHueHTpauHH Hanpn^e- 
HHH ypaBHHBaeTCH C 9(J)(J)eKT0M, BbI3BaHHbIM nOAAep>KHBaiOIAHM AeHCTBHeM, 
npn MHHHMaAbHOM 3HaqeHHH npeAejia npOHHOCTH ApeBecHHbi. MHHHMaAb- 
Hoe 3HaqeHHe HMeeT MecTO TorAa, KorAa HarpynteHHan qacTb ceqeHHH paBHa 
0,7 F ajih cocHbi (pnc. 1) h 0,6 F jinn a y6a (pnc. 2). BbipaBHHBaHHe 
3(J)(})eKTa KOHueHTpauHH h noAAep^KHBaiomero AeHCTBHH hbOakdabctch TorAa, 
KorAa HeHarpyjKeHHaa qacTb nonepeqHoro ceqeHHH AOCTnraeT 0,3 F ajih 
cocHbi h 0,4 F aah Ay6a. 

C AajibHenniHM yMeHbiiieHHeM Harpy^eHHOH qacxn nonepeqHoro ceqe- 
HHH oOpasna, a cjieAOBaTejibHo, c AajPbHeftniHM ynejimemieM HeHarpy>KeH- 
Horo o6i>eMa ofipaaua npeaajiHpyiomee 3HaqeHHe npHo6peTaer 3(jxj)eKT oioa- 
AepjKHBaioiAero achctbhh, qTo H3o6pa>KeHO Ha npaROH qaera kphboh 
{pnc. 1 h 2), noAHiHMaiO'meHCH KBepxy. 

KaprHHa Ae^pMauHH paapymeHHoiro 6pycKa npn okhthh no qacTH ero 
nonepeqHoro ceqeHHH noKaaaHa Ha pnc. 3. 3Ta KapTHHa yKaabinaeT na to, 
mto noAAep^HBaK>in,ee AencTBHe HeHarpyjKeHHoro oObCMa oSpaaua, 0Ka3bi- 
BaeMoe nnacTHqecKH Aecfiop m h poBan h om y o6xeMy o5pa3ua, B03HHKaeT 
b peayAbTaTe con p othb a ©h h h ApeBecHHbi cABHry no nAOcxocTH Me>KAy 
o6ohmh o&beMaMH. B peayAbTaTe 3 to no npOHCXOAHT netpeAiaqa cjkhm aiomeH 
Harpy3Kii Ha HeHarpy>KeHHyio qa-CTb oSpaaua, SAaroAapn qeMy noBbiinaeTCH 
Hecyman cnoco6HocTb h a rpyHccH hoh qacra o6pa3u.a. 

OnbiTw Ha c>KaTHe AepeBHHHbix ofipaauoB HarAHAHo noATBep>KAaiOT 
HaAHqne acJxJieKTa hoaa e p > k h b a KDime ro AeHCTBHH. 

O TeopHH noAAep>KHBaiomero AencxBiHH npn HeraSe 6aAiKH, ocHOBaHHoft 
Ha conpoxHBAeHHH ApeBecHHbi CABHry no rpaHHqHOH haockocth MencAy nAa- 
cTnqeoKH Aec})opMHpoBaiHHbi*M cAoeM 6aAKH h ynpvro HanpnjKeHHbiM o&beMOM 
ee, Mbi ynoMHHaAH Btfine. 

Kax H3BecxHO, npn Hi3rn6e SaAiKH b onaxoM ee cAoe (pnc. 4) boshh- 
KaiOT cABHra, aHaAorHqHbie CABnraM npn npocTOM cKaTHH. Gabhth 3xh 
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npoHtBjiHK>TCH Ha Hapy>KHbix rpanHX, napaJUiejibHbix hjiockocth H3*PH6a 
6aJiKH, b bhac oTAejibHbix BepTHKajibHbix cKJiaAOK, pacnojioJKeHHbix b paa- 
jiHHHbix MecTax ino jyiHHe 6-aAKH, a. TaioKe Ha HapyncHOH rpaHH 6aAKH, 
napajrjiejibHOH HeftTpaAbHoft tijiockocth, r^e ohh npoHBAHforcH b bh &e 
jikhihS cABHra, HanpaBAeHHbix noA yrjioM k och 6aji.KH h paaiOAOJKeHHbix 
b oTAeJitbHbix MecTax no A^iHHe '6aJi,KH. C B03pacTaHH€M H3rHi6aio>mero mo- 
MeHTa pa 3 BHTHe nAacTHnecKHx Aec^opMaunH b oKaxoM cjioe HBrnSaeMofl 
fiajiiKH npoHCXOAHT KaK aa oner paasHTHH panee o6pa30BaBmHxoH CKjiaAOK 

H JIHHHH CABHra, T3K H 3a CH6T 06pa3OBaHHH H paBBHTHH HOBbIX CKJIBAO'K 
H JIHHHH CABHra B HOBbIX MeCTa.X. II OCA e A'OB aTCA bH OC T b a6pa30BaHHH CKJia- 
Aok h jihhihh cABHra no AJiH.Be SajiKH onpeAc aih eTC h HaAHHHbiM paonpeAC- 



jieHHeM MaTepnajia 6aAKH c paaHbiMH anafqeHHHMH npeAeAa npoqHocra oks- 
toh ApeBecHHbi inpH mmfe. JIhhhh CABHra, nonBAHKHUHecH Ha Hanpy^eH- 
hoh noBepxHoc™, napajiAejLb'HOH HeHxpaAbHOH njiocKocTH, BOQHmaiOT nonm 
mthobchho np« onpeACAeHHOM 3 Ha i ieiiHH H3rH6aioinero MOMeHTa. 

CKJiaAKH Ha HapyHCHbrx noBepxHocTHx, napaJiJiejiibHbix njiocKocTH H3rn6a 
6ajiKH, pa3BHtBaK>TCH no Bbicore 6aAKH c pocraM Hara^aiotmero momghtb^ 
nocTeneHHo npn6AH>KaHCb k HefiTpaAbHofi iiaockocth 6aAKH. CorviacHO 
BbimocKasaHHOMy, cabbth tBOBHHKaiOT b niapajiJiejibHbix HefiTpambHOH njio- 
ckocth cjiohx OajiKH. Gabbth mocreneHHO p acnp ocrp a h h k>tc h ot cjioeB 
y noBepxHocTH 6ajiiKH k BHyrpeHHHM cjiohm, jieJKaiuHM fijiHJKe k HeiiTpajib- 
HOH OCH. 

HaH6ojiee pa3BHTan CHCTeMa ahhhh CABHra noKa3aHa Ha pnc. 4 ,c. 
Macro npn HsrnSe 6ajiKH p aaBHiBaercH toabko nacrb yKa3aHHbix ahhhh 
CABHra, KaK avo yKa3aHo Ha pnc. 4, a h b. 

npH mm6e 6aJHKH b ycAOBnnx cABHira HaxoAHTCH ah uib qacTb o6r>eMa 
H3orHyTOH <6aAKH, raK khk cabhith B03HHKafor, ,BO-nepBbrx, toabko b orAeAb- 
Hbix Hacxflx no AAnne 6aAKH h, BO-Bxopbix, & ycAOBHHX CABHra b OKaTOH 
3oh6 6aAKH HaxoAHTCH AH-mb caoh onpeA^A eH hoh TOAiAHHbi, a ApyraH HaCTb 
c>KaT0H SaAiKH n bch pacTHHyraH 30Ha 6aAKH HaxoAHTCH b ynpyroM HanpH- 
JK6HHOIM COCTOHHHH. 

C on p othb AC h h e cMemeHHio nacTeft nA acran ©ckh Aec}}opMHpOBaHHOro 
CAOH H3orHyTOH 6aAKH 0Ka3biBaK)T conpoTHBAeHHe CABHry ApeBecHHbi no 
HaKAOHHOH nAOCKOCTH CABHra h conpoTHBAeHHe ynpyro HanpHA<eHHoro 
o6neMa Saakh, npHAeraioiiAero k in a acTH nee kh A^opMHpOBaHHOMy caoio 

H CBH3HHHOrO C HHM. 

n P H o6brnHOM OKanHH paapyrncHHe o6pa3ua npoHCXOAHT TaKHce no 
nAOCKOCTHM CABHra. B 3tom CAynae CMemeHHio oTA^AbHbix qacTen o6pa3ua 
npenHTCTByer TOAbKo ah mb to conpoTHBAeHHe ApeBecHHbi, KOTOpoe boqhh- 
Kaer no nAOCKOCTHM CABHra, TaK xaiK Ka;KHX-AH6o ynpyro h an p h >K e hh bi x 
oe^eMOB, KOTOpbie oKasaAH 6bi noAAOp^KHBaiomee AeficTBHe, b 3tom cAynae 
He HMeeTCH. TaKHM oSpaBOM, npn H3rn6e 6aAKH conpoTHBAeHHe CMemeHHio 
OTACAbHbix nacren nAacTHneciKH Aec^opMHpQBaHHoro caoh 6sa kh 6oAbme, 
neM con p oth b a oh h e CMemeHHio otagabhux qacTeft o6paaua, HaxoAHiUHXCH 
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b ycjioBHHX npocToro OKaTHH. npeACA npoqHocTH ApCBecHHbi npn CABHre 
b o6ohx CAyqanx cjie^yeT cqHTaTb OAHHaKOBbiM. 5 Icho, qTo yroji CABHra 
b njiacTH^Ho ,ne(J)opMHpoBaHHOM cjioe H3orHyTOH SajiKH 6ojibiue, qeM yroji 
CABHra o6pa3ua, pa3pymeHHoro npn oKaraH. OnbiTbi noATBep}KAaK)T yna- 
3aHHoe cooTHomeHHe Me>KAy yrjiaMH CABHra. 

llycTb npiH OKaTHH yroji CABHra paBCH a, npeAeji npoqHocTH npH c>Ka- 
thh — o cyK , KacaTejibHoe HanpfDKeHHe b iiaockocth CABHra — z, yroA 
CABnra npH H 3 rH 6 e 6 ajiKH — a', npeAejfl npoqHocTH Okhthk) npn HaraSe — 
^c>K f ixacaTejibHoe Hanpn>KeHHe ® oaockocth CABHra — %\ 

Cabht B03H'HKa i ©T TorAa, KorAa KacaTejibHoe HanpH^eHHe no naKjioHHOH 
TUiomaAKe CABHra AocraraeT 3HaqeHHH npcACAa npoqHocTH inpn CABure, 
a HopMaAbHoe Hanpn>KeHHe no HopMaAbHoS nAomaAKe AOCTHraeT 3 HaqeHHH, 
KOTopoe Mbi HasbiBaeM npeAeJiOM npoqHocTH cxchthio. 

TorAa npn OKaran 

G c 

t= ~2 sin 2«, 

npn H3rH6e 


JIhhhh CABHra noHBAHercH KaK inpn nannSe, TaK h npH caothh topab, KorAa 
KacaTejibHoe HanpHAceHHe no oaockocth CABHra AocraraeT npeACJia npoq- 
HocTH ApCBeCHHbl HpH CABlHre. TaKHM Ol6pa30M, 6yACM HMeTb 

f a C>K . ff C)K . o f 

t~% = sin 2a = sin 2a , 


oTKyAa 


(7 c>k o c 


sin 2 a 
sin 2a' * 


Tax KaK a' a n 0‘6a ohh 6oAbme 45°, to 

sin 2a 

sin 2a' > *• 

TaKHM o6pa30M, 

<*C >K ^ ^CHO 

B CAyqae H3rn6a 6pycna npHMoyroAbHoro ceqeHHH, npeAejibHan Hecyman 
cnoco6HocTb ero, npn yqeie m/ibKo nAacTOAC(J)opMauHH, 6yAeT paBHa 

Af fJOcyn "W • 


Ecah KpoMe nAacTOAccJjopManHH ApcsecHHbi npH narnde 6aAKH yqecTb 
TaK>Ke n OAAOp hb a K>iixee AefteiBHe ynpyro HanpH>KeHHbix oe^eMOB 6aAKH, 
TO B OKaTOM nAaCTHHeCKH ACCfjOpMHpOBaHHOM CAOC '6aAiKH 6yACT yBeAHneH 
npeAeA npoqHocTH ApeBecHHbr, KOTopbia craHeT paBHbiM 

, sin 2a 


TaK KaK aah aioSoh cJx>pMbi nanepeqHoro ceqeHHH 6 a akh K03<fKj>HUHeHT 
t i = f {rj) = f E j 9 T0 iB (j)op M yAe aah o up e ac A e h h h npeAeAbHOH Hecymeft 

CnOCOfiHOCTH 6aAKH Mbi 6yACM HMeTb ACAO C H.3 Me HCH H bl M 3HaqeHHeM K03(J)- 
(J)Hn,HeHTa f/ = - 7 ^] . TaKHM o6pa30M, H3MeHeHHoe 3HaqeHne npeAeAbHOH 

\^C>K / 
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Hecymeft cwocoShocth -6aji«H npn H3TH6e paBHO M' — h'o' CWl W. Ko34>4>H«HeHT 
noAue p >k hb a io mero AencTBHH paaeH 

„ M' i uV c *lf n'o’cx n’ sin 2« 

«=jw = — = = — 

TaK Ka« 


TO 


BbipaHceHne ajih K03(Jx})HHHeHTa ,no flue p > kh b a io-mero aohctbh-h 6yneT HMerb 
BHA 

^ a 

~ t< ’ v ' ' 

FIpeaeji'bHaH necyman cnoco-6nocTb 6ajiKH inp« H3rn6e c yneroM KaK 
njracTOAetJJopMauHH, TaK h noAAep*HBaioxu,ero aohctb hh 6yACT pa-BHa 

M ,= n'o' cx W=i— ffc*PT= % r —OcK—, W=^< ff c* W= ka cx W, 

n *i v 

rjxe k — £ ju — KO^c|)4)HU;HeHT noBbiiuieHHH Hecymefi cnoco6HOCTH nsraSaeMOH 
6ajiKE npn yqeTe njiacro^e^opMamHH n noA^^p^HBatouxero aghctbhh ympyro 

HanpHJKCHHblX BOJIOKOH 6aJIKH. 
nOJIb3yHCb ©bipaJKeHHHMH 

a ’ sin 2« , sin 2a' 

p * sin 2a' H ^ ^ sin 2a 

mo>kho no OKcnepHMeHTHJibHo HanAeHHbiM yrjiaM CABnra a (npn cxvamn) h a ' 
(npn H3rn6e) Hanm TeopemnecKH 3HaneHHH K 03 (J)(f)HuneHT 0 B /*, I h k jxjih 
jik)6oh (JjopMbi nonepenHoro ceneHHH 6ajiKH. 

no 3 'KcnepnMeHTaJiibHo HanAeHHbiM yrJiaM cABnra, y^HTbiBan njiacTH^n- 
Kaixnio ApeiBecnHbi npn narnde, hbmh 6bijm onpeA^eHbi sHa^eHHH ko3c{)(J)H- 
UneHTOB £, JU h k ajth paGHbix ApeBecHbix nopoA (Ta6ji. 1). 

T a 6 ji h n a 1 
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1,75 

1,64 

1,48 

1,50 

1,64 

1,76 

1,37 

1,76 

1,67 

1,73 

1,59 

1,76 

1,81 

1,55 

Q 

1,15 

1,22 

1,11 

_ 

1,35 

1,12 

1,11 

1,26 

1,06 

1,18 

1,15 

1,18 

1,20 

1,23 

k 

2,02 

2,00 

1,65 

1 

2,21 

1,97' 

1.52 

2,24 

1,78 

2,04! 

1,85 

2,08 

2,18 

1,90 


/^c>k ^ sin za 



17 ac>K __ sin 2a 

1 ?' ct c>k sin 2a' ’ 


Hy>KHo cKaaaTb, oAHaiKo, hto GHa^eHnn yrjioB cABnra npn okbthh 
h H3rn6e onpeAejiniOTCH H3 oaibiTa b peayjibTaie Kp nTM ec koto oTfiopa 6ojib- 
uioro HHCJia HSMepeHHH, ran KaK cABnrn b 6oJibUiHHCTBe cjiynaeB hmciot 
B ecbMa n ok a >Ke*H h y k> (j)opMy. Hn^Ke askxtch (J)opMyjibi ajih TeopeTH^ecKoro 
on p e AOJio h h h yrjioe cABHra a n a'. 

nycTb HopMajibHoe Hanpn>KeHHe no noneperaoMy ceneHHio c>KaToro 
b ao J ib bojiokoh 6pycxa 6yAeT paBHO 0 . HopMajibHoe n KacaTejibHoe Hanpn- 
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>k< 2 hhh no HaKjioHHofi njioma.a,H, HaKjioneHHOH noA yrjiOM a x , Gyjiyr paBHbi: 

a n = a COS 2 a*; 


t = a sin a x cos « x . 


Ecjih ynecTb ©HyrpeHHee Tpenne b MaTepHajie OKaToro 6pycKa n npn- 
HHTb KOOCJmJ) HU'HGHT BHyTpeHHGrO TpOHHH paiBHblM / = tg <p, TO CABH T3 K>IH€€ 
HanpHJKemie no BbiuneyKa3aHHOH HaKjioHHofl ouiamaAKe Sy^er p as ho 

flocjie noflcraHOBKH afiaqeHHft t, o n h / b <})opMVJiy CABHraK>wero H a- 
npHJKeHHH nojiynHM 


o sin a x cos a x — 


sin (/; 
cos q> 


0 COS 2 a x , 


OTKy^a nocjie ynpoineHiifi nojiyraM ©bipajKeHHe 


COS olx 

0 cos <p 


sin («*—<?). 


npHpaBHHB npOH 3 BOAHyiO 3 T 0 r 0 Bblpa^KeHHH Hyjno, nOJiyHHM yCJIOBHe 
MSKCHMyMa Bbipa>KeHHH 


~ sin a x sin (« x — qr>) + cos a x cos (a*— qp) = 0, 

hjih oos ( 2 a x — <p) — 0 . OrciOAa nojiy^HM to 3HaqeHne yrjia HaKJioHa 
HaKJioHHofl auiiomaAKH a x = a, npn 'KOTOjpOM cABHraioaixee HanpanreHne ao- 

craraer m aicon m a abhc r o 3HaqeHHH «=45°+ 

ripn 3 tom 3HaqeHHH yrna a KacaTejibHoe h nopMajibHoe Hanpn^eHHH 
no 3 toh HaKjiOHHOH njiomaAKe 6yAyT paBHbi 


t = a sin a cos a = | sin 2 a = | sin (90° + 9)=% cos 9 ; 


<y n —0 cos 2 a = ^ (1 + cos 2a) = ^ (1 — sin 9 ), 

Be ji m h h a Ha n<6o jibmero c a&h r a K>m,e ro h a n p q >Ke h h h 
HaKJioHHofl rmocKocTH 6yAeT paBHa 


no HaHACHHOH 


T 2 


Sin 9 . I 

cos 9 >— -(1 — sin q>) I — 

T cos 9 v j 


o 1 
2 


sin © a 

= 2 ct s 


cos 




cte a. 


Pa3pymeHne 6 pyc«a ot CABHra no HaiKJiOHHon rniocKocra noA yrjiOM a 
HacTynHT npH TaKOM npeACAbHOM 3HaqeHHH HOpMajibHoro HanpHHceHHH no 
ero 'noneipeqHOMy ceqeHnio, npn kotopom HanSojibinee cABnraiomee Hanpn- 
>Kenne no VKa3aHHOH njiocKocTH He AoernrHeT BejinqHHbi npeAena npoqnocTH 
Ape-BecHHbi cab nr y noA yrviOM a 

°C>K , 

~2 Ct g« = T C4 


HJIiH 
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JXjm paaHbix ApeBecHbix ffiopOA BejiH^HHy K03(J)c})HUHeHTa BHyTpeHHero 
TpeHHH / = tg<p mo>kho 6paTb paBHOH 0,25—2,25. HpeAeji nponHocra Ape- 
BeOHHbl Cpe3bIiBaHHIO nOA yrAOM MOJKHO CHHTaTb HSMeHHKHUHMCH no 3aKOHy 
= c0S 2 a+x"^ sin* «, r Ae npeAeA npoHHOCTH ApeBecHHbi cocHbi CKa- 
jibiBaHHio BAOAb boaokoh = 40 ks/cm 2 h nepepesbiBaHHio nonepeK 

BOAOKOH = 250 Kdj CM 2 . 

Flo yKaaaHHbiM (})opMyjiaM modkho TeopeTHHecKH onpeAejiHTb tBeAHHHHy 
npeAeJia npoHHocTH ApeBecHHbi OKaraio BAOAb bojiokoh. 

BejimHHa KascjxfmuHeHTa BHyTpeHHero TpeHHH pasHbix ApeBecHbix 
nopoA MowceT 6biTb jierwo onpeACJieHa okc n ep him e h t a JibHO nyreM HenocpeA- 
CTBOHHoro onp e ao a e h h h yrAa h aiKAOH a ahhhh cABnra na paapymeHHbix npH 
oKaTHH oQpatBuax. 

no yr^aM CABHra *, H3MepeHHbiM Ha pa3pymeHHbix npn c>KaTHH o6pa3- 
uax, 6bma coeraBAeHa Ta6A. 2 K 03 (J)(})HUHeHTOB BHyTpeHHero TpeHHH aah 
paBAHHHblX ApOBeCHbIX HOpCA- 3TH KOOlJxj) HUHeHTbl iBHyTpCHHerO TpeHHH, 
BepOHTHO, MO>KHO T3K>Ke nOAyTOTb B pe3yAbTaTe BH6paAHOHHbIX HCHblTaHHH 

no 3 H aHeHHio AewpeMeHTa 3aTyxaHHH. Kak bhaho hb TaSji. 2, K03(})<})H>uHeHT 
BHyTpeHHero tpohhh aah HaKoropbix ApeBecHbix nopoA AOcrnraeT 3HaneHHH r 

6oAbIHHX eAHHHiUbl. 


Ta6jiHua 2 


riopo,na 

\o 

>> 

n 

\o 

ra 

Oh 

U 

X 

c 

R3 

P 

s 

ra 

S 

<u 

o. 

o 

IT 

X 

<v 

O, 

o 

o 

u 

X 

« 

X 

Sf 

RJ 

X 

< 

R3 

X 

U 

O 

U 

ja 

Cu 

c 

X 

o 

O 

«3 

ro 

O 

o. 

9J 

in 

X 

o 

X 

o 

b- 

X 

X 

<y 

<L> 

R3 

X 

n 

O 

YroJi HaKjioHa 















JIHHHH CABHra 

b rpaA. 

60 

53 

52 

78 

60 

65 

60 

72 

54 

56 

62 

67 

56 

74 

Ko9(})4)HUHeHT 















BHyTpeHHero 

TpeHHH 

0^577 

0,287 

0,249 

2,250 

0,577 

0,839 

0,577 

1,376 

0,325 

0,4040,675 

0,966 

0,40411,600 


Pa 3 pyiueHHe no HaKAOHHbEM haookocthm CABHra b nAacTOAe^opMnpo- 
BaHHOM CAioe b c>KaTOH 30He H3orHyroro oSpaaua (pnc. 4,c) HaerymiT 
TOAbKo TorAa, KorAa 6yAeT jipeoAOAeHo He TOAbKo conpoTHBACHne Apone- 
CHHbi CABHry no HaKAOHHOH njiocKoc™ CABHra, ho 6yAeT TaK>Ke HapymeHO 
con porn b Ae h h e cBH3eH MencAy nAacTmecKH Aocj)op mh pon an hh m caocm 
h yinpyro h anp h >k e h h wm O'S^betMOM oSpasiua no rpaHHHHOH nAOCKocTii Me>KAy 
hhmh (napaAAeAbHOtH HenTpaAbHOH /nAocKocTH). 5 Icho, hto HopMaAbHoe 
HanpHA<eHHe, AencTByiomee b nonepennoM ceneHHH n AacTncJ) HUHpOB an ho ro 
OKaraeM caoh o c >k 6yA€T '6oAbine, hcm npeAeA npOHHocTH ApeBecHHbi npn 
npOCTOM OKaTHH <T C>K . YtOA HaKAOHa a ' HAOCKOCTH CABHra B HA aCTH(J)H U,H “ 
poBaHHOM CAoe H3orHyToro dpycxa 6yAeT TaK>Ke 6oAbine yrAa CABHra a 
6pyoKa, paapyincHHoro npn npOCTOM OKaTHH. J/BeA h hch h e yrAa CABHra a' 
mo>kho p accM a Tp hb aTb KaK pesyAbTaT ycAOBHoro noBbnneHHH KoacjK^naneHTa 
BHyTpeHHero TpeHHH b ha acTHcf) nunpoB a hhom CAoe H3orHyToro 6pyciKa noA 
AeHCTBHeM AO'nOAHHTeAbHblX CHA CBH3CH, B03‘H H K afOUJH X Ha rpa-HHUe MOKAy 
nAacTH(J)HUHpoBaHHbiM CAoeM H3omyTOH 6aAKH h ynpyro HanpHH<eHHbiM ee 
o6BeMOM. HcnoAb3yn H3MepeHHbie yrAbi CABHra** Ha pa3pymeHHbix npn 
H3rn6e o6pa3uax, noAynHM BeAHHHHbi K03(}x})HH,HeHT0B BHyTpeHHero TpeHHH 

* 4>. n. B e ji a h k i h, n^acTHqHi iie(J)opMauii i nUTpiiMyjoqa aih npn 3rHHi AepeB’a- 
hhx SajioK, BH^. AH yPCP, 1936, cTp. 52. 

** T a m >k e. 
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jjjiih pa3Hbix ApeBecHbix nopoA (Ta6ji. 3). 3th Kmc^HUHeHTbi BHyrpeHHero 
TpeHHJI MO'>KHO, BepOHTHO, TaK>K6 mOJiyHHTb B pG 3 yJIbTaTe BHl 6 paUHOHHDrO 

H3rH6a no 3HaneHHHM AeKjpeMeHTOB 3HTyxaHHH. SHanHTejibnoe noBbmieHHe 
KoaKjxjwuHeHxa BHyxpeHHero rpenHH npn mm 6 e cjie^yer craraTb ycjroBHbrM, 
Tax Ka.K 3 th BHaneHHH y^HTbitBaiiOT He TOJibKo BHyTpeHHee rpeHne b MaTe- 
pnajie, ho h conpoTHBjieHHe oBHseft no rpaHmHOH nJiocKocTH MOKAy njia- 
cth (J>h imp ob a h ho ft h ynpyro h a n p y>K eH ho ft ApeBecHHoft. 


Ta6jiHua 3 
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HHCTHTyT CTPOHTEJIbHOFI MEXAHHKH AKAHEMHH HAYK YCCP 

1953 CBOPHHK TPYAOB Jfe 18 


nPHEJIH>KEHHblR CnOCOB PACMETA THEKHX ynPyrHX 

CTEP)KHEH 

n. M . CeMeme 


B craTbe npea.iaraerca npH6.iHH<eHHtjH cnocoC pacieTa diGkhx CTepwHefl, npwMe- 
HaeMbix b MauiHHocTpoeHHH h npHfiopocTpoeHHH. npH pacieTe yMHTUBaioTCfl AedtopMauHH 
KOHeTOOH BCJIH^HHbl h Ae<j>opMHpo®aHHaH cxeMa CTepacHH. 


THigiKHe ynpyrHe cTep^KHH Macro BcrpeqaiOTCH b npaiKTHKe. Ohh npHMe- 
HHIOTCH B MaUTHHOCTpoeHHH, np«6opOCTpoeHBH -H TOHHOH MCXaHH'KC B Kaqe- 
cTBe ^eTajiea peccop, aMopTHaaroipoB, npyjKHH. Ta«ne CTep^KHH HMeiOT 
HeBHa-MiHTejiBHbie .nonepeq«ue pa3M^pbi no cpaBHeHHio c ajikhoA, a cjre&OBa- 
TejibHo, h SojibinyKD roSKOCTb. 

npn H3rH6e CTep^HH oT/jejibHbie 6ecK0HeMH0 6jiH3KHe nonepeM- 
Hbie ceneHHH nojiyqaiOT 6ecK0HeMH0 Majibie B3aHMHbie Ae(})opMauHH. 
Cjie^OBaTejibHO, k hum mo>kho npHMeHHTb ypaBHeHHH TeopHH ynpyrocTH 
(ecjiH HanpH>KeHHH He npeBocxo/iHT npe/jejia nponopimoHajibHocTH) . 
Ho ceqeHHH, pacnojio>KeHHbie Ha KOHeMHbix paccTOHHHHx, MoryT HMeTb 
nepeMemeHHH thkhx >Ke nopaaKOB, KaK n paccTOHHHH MeJK^y cene- 
HHHMH. 

3th o6CTOHTejTbCTBa BHOCHT CymeCTBeHHblC H3M6HeHHH b p acner th6khx 
crcp>KHeH. Hx Hejib3H paocMHTbUBaTb no nepBOHaqaJibHO-H He&e(j)opMHpoiBaH- 
hoh cxeMe, KaiK aro o6bihho AejiaercH b reopHH Majibix Aec^opMannH (conpo- 

THBJieHHH MaTepHajIOB) . 3‘jxecb HajXO HCXO/lHTb He H3 npH^JIHJKeHHOrO, a H3 

roMHoro AHcfxJjepenuHajibHoro ypaBHeHHH ynpyroH jihhhh, xoropoe, HBjiHHCb 
HejTHHeHHbiM, 3 h a h HTe ji bH o ycjioxcHHer sa^any. 3aBHCHMOCTb MeyKjiy Haipys- 
KaMH h nepeMeineHHHMH nepecraeT 6birb jiiWHeftHOH, BCjie^cTBHe Hero craHo- 
BHTCH HenpHMeHHMbIM H npHHUHn He3aBHCHM0CTH /jeHCTBHH CHJI H pH£ ApyrHX 
TeopeM 06 ynpyrax CHcreiwax. 

npoBe^eHne packer a rH'6K«x crepjKHeft mctojxsimh oonpoTHejieHHH MaTe- 
pnaJIOB npHBOAHT K 3Ha"lHTejIbHbIM OUlH^KaM. 

Bonpocy tothoto pac^era rai&KHx crepjKHeH nocBHmeHbi Tpyuw MHornx 
coBeTCKHX yTOHbix: aKafl. A. H. KpbijioBa, aicaa. A. H. /fnHHHKa, 
npoc{>. E. H. TiHXOMHpoBa h ap. OcadeHHO BajKHbie peayjibTarbi b stoh 
o6jiacra noji'y-TOHH jiaypeaTOM CTajiHHCKOH npeMHH ropcx}). E. n. rionaBbiM. 

Kax HSBecTHO, ypa®HeHne ynpyroft jihhhh npn mo ji h h eft Horo crepJKHa 

HMP-eT cjieayiomHH bh,h: 
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ToHHoe BbipajKemie KpnBH3«bi — mojkct 6biTb 3 anHcaHo Tan: 

d*y (Py cpy 

1 _ df _ d x a ds 2 _ d,s 2 

rAe^Af — H3rn6aK>mHH momcht b nponaBOJibHOM ceneHHn; 

EJ — >KeCTKOCTb CTep^KHH; 

<p — yroji noBopoTa nanepenHoro ceneHHH erep)KHH npn Ae^opMaunH; 
x, y — iKjoo p ah h aTbi Tonex ynpyrofi ahhhh; 

5 — A4HHa ee Ayrn. 

B 3TOH CTaTbe peHb HA^T O npH6jIH>KeHHOM HH T€ Tp'H pOB a HHH ypa'BHeHHH 
(1) MeroAOM nocjieAOBaTejibHbix npH'SAHAceHHH, npn btom BbipaHceHHe Kpn- 
BH3HbI UpHHHMaeTCH B (JX)pMe HCHHCKQrO, B 'KOTOpOM H€3aBHCHMbI'M nepe- 
MeHHblM H BJIIH6TC H AAHHa AyrH. IlpHHHMaH 3Ty (j)OpMy AAA BbipaJKeHHH 
KpHBHBHbl, 3anH'UieM (1) B BHAe 



d 2 y M 1 

ds 2 ~ EJ l 


(3) 

A6cunccbi ToneK ynpyron ahhhh, a 

OCHOB aHHH H3BeCTHOrO COOTHOHieHHH 

TaioKe riAenn cha 

onpeAeAHioTCH Ha 

no c}x>pMyAe 

dx 2 + dy 2 

S 

= ds 2 

(4) 


- /1/h 

:d’- 

(5) 

*0 

JIah yAoficTBa AaAbHeHmero H3A0A<eHHH 4>opMyAbi (3) 

SOBbLBaiOTCH HBMH TaK! 

h (5) npeo6pa- 


d s v Ml 1 / 

(dvY 

(3') 


d(T* ~ ~ EJ [ 1 

a 

\da) ’ 


-/ F-e 

*0 

8* 

(5') 

B 3thx (jwpiviyjiax 

y x 

V= y H u = j 

HBA5HOTCH OTHOCHTeAbHbIMH KOOp- 


„ s „ 

AHHaTaMH ynpyroH jihhhh, o= — — OTHociiTejibHOH ajihhoh Ayrn, l — aah- 
HOH CTep>KHH. L 

ByAOM B Aa^IBHeHIHeM HCXOAHTb H 3 o6menpHHHTbIX B TeopHH KOHeHHbIX 
Ae^opMauHH npeAnojio>KeHHH: 

1. HanpHH<eHHH He n pe boc xoah t mpeAejia nponopunoHajibHOCTH — Ma- 
TepnaJi cAeAyeT aaKOHy ryxa. 

2 . /tecJwpMauHH ot cABHra hbahiotoh h e< 3 h an h T e jib H bi m h no epaBHeHHio 
c HBraSHbiMH, h hmh mo>kho Hpe Helper aTb. 

3. npoAOAbHan ctuia BbisbisaeT raioKe He3HanHTeAbHbie Ae^opMauHH, 
H HX MO>KHO He yHHTbliBaTb. 

FIocAeAHee npeAnoAOKenne Aaer ham rap a bo cnmaTb, nro aahh 3 ynpy- 

rofi AHHHH He H3MeHfleTCH HpH A^OpiMailXHH. 

CymHoeTb npeAnoAtaraeMOH mctoahikh coctoht b cAeAyiomeM. 
Pa3AO>KHM BbIpa.>KeHHe KBaApaTHOrO KOpHH B pHA 


ea 
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Ecjth BO 3 bM 0 M nepBbifi mjich pHAa, t. e. npHMeM 




TO 


nojiyHHM o6biTHoe ypaBHeHHe conpoTHBJieHHH MaxepHajiOB, n pOHHTerpHp ob a b 
KOTopoe A®a paaa, nojiyxnM ypaBHeHHe ynpyrofi jihhhh. 3xo pemeHHe na3o- 
B0M HyjieBbiM npH'6jiiH>KeHHeM. 

MTo6bi nojryTHTb pemeHHe b nepBOM npH&uoKeHHH, B03bMeM Asa qjieHa 

(dvV . 1 fdv\%, 

1 ~ \rfaj — 1“ 2 Vrfff/ )n P meM Bbipa^eHHe 
6epeM h: 3 HyjieBoiro npn6jiH>KeHiHH. PeiHHB inojiyHeHHoe JiHHefiHoe y-paa- 


dv 
do 

HeHHC, HaflAeM 6ojiee xonHbie AanHbie ajih ynpyron jihhhh. 
Bo BTOpOM npH ( 6 AH^eHHH TIpHHHMaCM xpn HJieHa pHAa H 


dv 

do 


sin q> 


6epeM H3 npeAbiAymero npH6jm>KeHHfl. 3 tot npouecc, Boofime roBopa, 

mojkho npoAOJiH<aTb h AaJibiue, oAHaKo npn 
3 tom 3HaHHTejibH0 ycjio>KHHK>TCH MaTeMa- 
THHeCKHe BbIKJiaAKH. 

TaKHM o6pa30M, B OTJIHHHe OT o6bIH- 
Horo MeTOAa nocjieAOBaiejibHbix npHfijin- 
meHHH, 3Aecb b Ka>KAOM nocjieAyiomeM 
npn6jiHH<eHHH 6epeTCH 6ojiee TOHHoe ah(J)- 
(J)epeHi;HajibHoe ypaBHeHHe. 

JXjlK HJIJHOCTpaUHH paCCMOTpHM HHCJIO- 
Bbie npHMepbi. 

ripHMep 1. HaHTH nepeMemeHHH cTep>KHH, >KecxKo oameMJieHHoro 

Ha oahom h Harpyn<eHHoro chjioh P Ha BTopoM cbo6oahom KOHue (pnc. 1). 



HarnfiaiomHH momcht b npOH3BOJibHOM ceneHHH p aBen 

1 


M 


= -P(x-x)= ~Pl («,-«)= -Plf]f 1 - (-£) d0 ' 


06o3HanaH 


PP 
2 EJ' 


(7) 


(8) 


nepennuieM ypaBHeHHe ( 3 ') b cjieAyiomeM bhao: 


i 



(f 


( 9 ) 


OnpaHHHHBaHCb nepBbiM i iJieHOM pHAa (6) h MirrerpHpyH nojiyHeHHoe 
ypaBHeHHe c yneTOM rpaHHHHbix ycjioBHH (npn a — 0 v = 0 h sin <p — 0 ) , 
noAyHHM B HyAeBOM OpHfijIHHieHHH 


v — 


'( 


o 2 




u — o. 


( 10 ) 


XIjih aiepsoro npH6jiHi^eHHH HaAO BSHXb ABa HJieHa yKaaaHHoro pHAa 
h BeJiHHHHy ^ H3 ( 10 ). IlpH npeo6pa30BaHHH ypaBHeHHH ( 9 ) b stom 

51 p h ( 6a h A ceH h h HaAO OTOpocHTb HAeHbi, coAepwaouHe b cTeneHH Bbirne 
TpeTbeH. B npoTHBHOM cjiynae Mbi coxpaHHM HjieHbi c xaKOH cxeneHbio /?, 

„ dv 

KOTOpbIX He COAep>KHTC5I B Bbipa>KeHHH n p OH 3BO AH 0 H — HOCJie B03BeAie-HHH 

ero b KBaApax, t. e. Mbi nojiynHJiH 6bi (}>opMyjrbi c HecKOJibKHMH HGBepHbiMH 
qjieHaMH. 
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B pe3yjibTaTe HHrerpHpoeaHHH 6y,TpM HMeTb 

*’='*[(<'* - 1 ) - p (A + 5 - W * + 5 "■ - S5 "’)] : 

15 "*)]i 


da 


( 11 ) 


AHajiorHiqHO mookho inojiywrb <Jx>pMyjibi BTOporo npHGjiHxceHHH. 
no 3 thm (Jx>pMyjiaM, npH^aBaH o paajiHHHbie BHaneHHH b npeAejiax 

0 — 1, MOJKHO BbIHHCJIlHTb no p€ M 0IU6H H H BO0X TOH6K CTepjKHH. 



nepeMemeHHe KOHua kohcojth (a = 1 ) onpeaeJineTCH ajih HyjieBoro 
.npH6jTHJKeH!HH no (})opMyjiiaM 

• v i = 3^ sin <p,=p; u t = 1; (10') 

AJih nepBoro npHiOjiH^KeHHH — 

Vf= |/S(l - ^,P 2 ); &in<p,= /?(l -yg/? 2 ); (110 

ju Ifl BTOporo UpHlSjIHJKeHHH — 

/ 8 7S2 \ 4 64 

sin ^,=^(1 _ — ^ + 1575^) 5 u / =1_ l5^ + 315^ (12) 

Pe3yjibTara BbiHHCJieHHH no 3THM : (J)0pMyjiaM npHBeAeHbi Ha rpat})HKax 
(pnc. 2, a, 6, 0); TaM >Ke npHBeaeHbi pe3yjibTaTbi tohhoid peuieHnn. Ha 
pnc. 2 cnjiouiHbiMH jihhhhmh noKa3aHbi pe3yjibTaTbi tohhoto pemeHHH, 
nyHKTHpHbIMH — npn6jIH>KeHHOrO B HyJieBOM npn6jIH>KeHHH, IHTpHX-nyHKTHp- 
HblMH — B nepBOM H nyHKTHpHbIMH C AByMH TOHKaMH — BO BTOpOM 
npH6jIH>KeHHH. 

H3 3THX rpa(})HKOB BH£HO, HTO CTCnCHb TOHHO'CTH HailieTO MCTO^a 3>aBH" 
cut ot HHCJia 'npHfijiHxeiHHH h BejiHHHHbi nepeMemeHHH. Hbm 6ojibme AecJ)Op- 
MHpyeTcn cTep>KeHb, TeM MeHbrne TOHHocTb MeTO^a h tcm 6ojibine najxo 
BbrnOJIHHTb np H6jIH5KeHH.fi. OTCIOAa MO5KH0 yCTaHOBHTb npeA-eJIbl IIpHMeHH- 
mocth cjx>pMyji Toro hjih Apyroro npH^jiHHceHHH. Tax, c})opMyjiaMH (11) 
MO>KHO n0JIb3OBaTbCH mpa /? < 0,6, ({)OpMyjiaMH (12) — npn /? < 0,7, 4)op- 
MyjiaMH (10) — mpn (} < 0,3. 3to inoKasbisaeT, hto &m aaHHoro npHMepa 
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MeroAHKa conpoTHBjieHHH MaTepnajiO'B np : HM©HHMa He tojibko ajih Majibix 
AG({x)piMaAHH (npH ft = 0,3 0,2 — nporwfi KOHAa kohcojih cocTaBjineT 

20 % ee AJiMHbi). 

n p h m ep 2. OnipeAejiHTb Ae{J)opMau,HH crepJKHH npn npOAOjibHOM 
H3rH6e C SKCUeHTpHCHTeTOM (pHC. 3, a). 

MarixSaiOflUHH momcht b npouBBOjitbHOM ceneHHH paBeH 

M= - N(e+y-y)= ~Nl(d+v r v), (13) 

t e , 

TJX® 0 = — — OTH OC HTejI BHblH 3KGUeHTpHCHTeT *. 

ToMHoe AH<J)(J)ep©HUHajibHoe ypaBHCHne (3') npHMeT bha 



<Pv 

do* 

rAe 


= n\d- Vl -v) |/l-Q 2 , (I 4 ) 


n* = 


Nl 2 


EJ * < 15 > 

npH HyjieBOM npnSjiH^eHHH ypaB- 


Phc. 3. 


(Pv 

fai + n*v=n 2 (d+v). 

HuTerpapya ero h y^HTbisaa rpammHhie ycjioBHH, nojiyqHM 
v=(a+Vi) (1— cos no); 
dv . . . 

^ = n (a+ v,) sin no ; u=o. 

npH nepBOM npnSjiMJKeHHii ypaBHeHHe (14) 6y.neT HMeTb bh£ 

5? = n*(c+v,-v) [l-i (|)’J. 
Hcnojibaya ( 17 ), HaxonHM: 


d*v 


(16) 

(17) 

(18) 

(19) 


+ n 2 v—n 2 (d+v) - ^-(d+v z ) 3 cos no + ^-(<H-?; Z ) S cos 3^ 

riocjie HiHTerpHpoBaHHH OToro JiH'HeHHoro ypaBHOHHH c npaBOH ^acTbio c yqe- 
tom rpaHHHHbix ycJiOBHH nojiyqHM 

[ n 2 (dH - # ) 2 1 

(1 ™ cos no) H 1 (cos no — cos 3 no — 4 no sin no) l 


dv 

do 


r . /2 2 (d+^) 2 1 

= (o ±Vj) n I sin no -\ g- (3 sin 3/2(7— 5 sin no — 4no cos no) ; 


( 20 ) 


n(d+v¥ 
u — o — — (2 no — sin 2no ). 


riocjieAHee iBbipa>KeHHe nojiiy^aercn H3 (5'), ecjin orpaHHHHTbCH AByMH 
^JieHaMH pHAa (6) h Hcn0Jib3OBaTb BTOpyio c]>opiMyjiy (17). 

Ha (J)opMyjii (20) bhahm, hto nepeMem,eHHH tohck och CTep>KHfl 3aiBHCHT 
ot v t — nporH 6 a KOHua ciep^HH. Rjih oinpeAejieHHH v t HaAP socnojib30- 

BaTbCH nepBOH H3 (popMyji (20), npHMeHHB ee jijih o= 1 h peniHB 3aTeM 
KySmecKoe ypaBHeHHe. 


* 3Aecb Mbi npe^no/raraeM, nvo SKcueHTpacHTeT e He H3MeHneTCH b npouecce ziecfiop- 
MauHH (hto cooTBeT ct b y er OAHOBpeMeHHOMy AeHCTBHio npo,ao.nbHoft chjih h MOMeHTa, npn- 
JIO>KeHHbIX K KOHUy CTepJKHfl). EcjIH >k£. SKCUeHTpHCHTer H3MeHfleTCH, TO BMeCTO e BZ3AQ 
HaAo noACTaBHTb e\ = e cos tp t (pnc. 3 1 6). 

6$ 
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H acTHbie c ji y q a h 

а) ripcwvibH'afl CHjia paBHa Kpn tot ec ko fi , t. e. n = ^ . ,Hjih onpeae- 
jichhh nepeMem-eHHH KOHua kohcojth <Jx>pMyjibi (20) npfiHtiMaiOT cjieayiomHft 

v = * y2d-d; sin c fl = 2^26-26- u = 1-^46*. ( 21 ) 

3th cf)opMyji'bi npocTbi h asigt xopomyio TWHOCTb. 

б) 3KCueHTpHCHTeT d = 0 (ueHTpajibHbifi npoAOjibHbiift h3th 6). riepe- 
MemeHHH KOHua kohcojih onpeAOJiHiOTCH no (JjopMyjiaM 

4 


v. 


1 n | sin 2 n—n tg n 9 
sin 4n— 4n 


( 22 ) 


sin 9 p z = 


« # =1 — 


cos n (sin 2 n — n tg n) T 
2 (2n — sin 2 n) 


n (sin 2 n — n tg n) ’ 


no 3 tom (})opMyjiaM nocTpoeHbi rpai(J)HKH (pnc. 4 — nyHKrapHbie 
jihhhh); TaM me onjroiiiHbiiMH jbhhhhmh HaHeceHbi peayjibTarbi tohhoi\> peiire- 

N 


Ai’ 


hhh. no och adcuHec Ha pnc. 4 OTjiOHceHbi BejmnHHbi napaMeipa ^ = 
i&EJ 

rAe B npeAe^iax paccMaipHBaeMbix Ae^opMaunfi coBnaAeHHe 

xopomee; omn6Ka MeHee 2%. 





Ii3JK»KeHHbiH cnoco6 6es oco6bix aarpyAHeHHH moxcct 6biTb npKMeaeH 
b Tex cjiynaax, KorAa H3rHi6aiOfiu < HH momcht h3M€hh€tch no aahh€ ctcp^khh 
H enpepbiBHO, HanpHMep npH pacnpeAejieHHon no AJiHHe nonepe^Hon 
Harpyaxe. npH npoH3BOJibHOM H3 Mch6hhih MOMeHTa ycjroxcHHeTCH onpeAejie- 

HHC npOH 3 BOJ1 bH bIX nOCTOHHHbIX. 

C TOHKH 3peHHH TO^HOCTH AaHHbLH MeTOA HBJIfleTCH IipHeMJieMHM, KOFAB 
paccMaTpHiBaeMbie nepeMemeHHH €Tep>KHH orpaHHnteHbi no ©eJiHHHHe. 3th 
nepeMemeHHfl ycjioBHo Ha3©aHbi cpeAHHMH. B cjiynae 6 ojimhhx nepeMemeHiHH 
Ha Ao nojibsoBaTbCH TOTHbiM yp aBHCHH-eM, pemaeMbiM, HanpHMep, MenoAaMH 
npo*}). E. n. nonoea. 
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HHCTHTyT CTPOHTEJIbHOH MEXAHHKH AKAHEMHH HAYK YCCP 

1953 CBOPHHK TPYAOB JVs 18 


KOHTyPHblE OCOEblE TOHKH KPHBOrO CTEPXCHJI 


E. H. Okc 


B HacTonmen CTaTbe H 3 Jio>KeHbi pe 3 yjibxaTbi HCCJieAOBanHH KOHxypHhix ocotfbix tomck 
K pyroBoro cxep>KHH npn AencxBHH Ha kohum ero pa 3 JiHHHbix Harpy 30 K. Il 0 Ka 3 aH 0 Rax, 
3 Ha h no^oHceHHe ocoGbix xonex, onpe^eJiHTb xapaxxep npHjiomeHHbix k kohitam CTep>KHH 
Harpy 30 K. CTaTbH MO>xex 6 bixb Hcnojib 30 BaHa npn axcnepHMeHxajibHOM HCCJieAOBaHHH cxepat- 
HeBblX CHCTGM C KpHBOJIHHeHHbIMH SJieMeHXaMH HQ A Hp H 3 aii,HOH HO -Oil T H H e C KH M MeXOAOM. 

B MaiiiHHax h CTpoHTejibHbix KOHCTpyKUHHX 6ojibiuoe pacnpocTpaHe- 
HHe HMeiOT cTep^HeBbie cHcreMbi c Kp hboji h h efi hbim h aneMeirraMH Ta™x 
paaMepoB, qro hx Hejib3H paccwTaTb hh otfbrqHbiMiH npHeMaMH CTpoHxejih- 
HOH MeXaHHKH, HH M€TOAaMH T0OpHH ynpyPQCTH. fljIH pacqeTa 3THX KOH- 
crpyKUHH Mo>KeT 6biTb npHMeHeH nojiHpH3ai;HOHHO-onTHqecKHH MeroA HCCJie- 
AOBaHHH h an pH }K0H h h . 

llojiyqaeMaH c noMoiubio sroro MexoAa KapTHHa nojioc (ceMeftcTBO 
H30KJIHH) MOA^JIH KOHCTpyKUHH n03’BOJIH€T C A'OCT BT O t I H 0 H IT p BKT H H eC KOH 

TOMHOCTbio onpeA-eJiHTb nojioijKeHHe ceqeHHH, a Korop bix mrn6a\ouxwe 
MOMeHTbi paBHbi Hyjno. Ecjih nojiOHceHHe rarax ceqeHHH hi3jB€ctho, to noejie- 
AyiomHH a H a ji hth qec khh pacqer uomer '6bixb aHaqHTejibHo ynpomcH. 

CeMeHCTBa notice h H30!KJiHH b pafioHe to-hck neperHi6a b inp hq m bth qe- 
ckhx cTep>KHHX npHMoyrojibHoro ceqeHHH hoapo 6 ho HsyqeHbi. HayqeH TaK>Ke 
OAHH qacTHbifl cjiyqaH B3TH6a KpHBoro cxep>KHH. 

B HacTOHmeft CTaTbe hcc jieAo b a hbi neKoxopbie oco6eHHOCTH h3Ckjihh 
h KapTHHbi nojioc KpyroBoro CTepjKHH npHMoyroJTbHoro ceqeHHH. 

PaCCMOTpHM TaKOH CTepJKCHb, OAHH KOH e IT, KOTOpOrO 3a!IAeMAeH, 




a k ApyroMy npn.io>KeHa Harpy3Ka, coeronmaH h-3 chjibi P h H3rH6aiomero 
MOMeHTa M. 3xy Harpysxy mo>kho 3aMeHHTb oahoh chjioh P , OTCTOHiiuefi ot 

M t 

KOHiUa CTep>KHH Ha pacCTOHHHH / = — (ipHC . 1 ). 

B 3 a B H C HIM OC T H OT p aCCTOHHHH l OIHOpbl H3ril6aiOIUHX MOMeHTOB H COOT- 
BeTCTByiOLLXHe HM KapTHHbi nOAOC HMeiOT CAeAyiOIAHH xapaKTep. 
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1. B ceTOHHHX, b \KOTopbix H3rH6aiomHH MOMeHT HMeeT HanfioAbmee 
hah HaHMeHbiiuee 3 -HaqeHHe, noneperaan cHjia paiBHa hvaio (pnc. 2, ceqemifl 
A h C). KaprHHa jioaoc ch mm eTp h ,i ih a no oTHomeHHK) k 3thm ceqemfHM. 

2. Flo Mepe yAajieHHH ot ceqeHHH, b kotopom H3rH6aioiAHH MOMeHT 

hmg€t Hanfiojibrnee 3HaqeHHe, nojiocbi up h 6a hac a iotoh k och crepxcHH 
(pnc. 3 ,a). no Mepe yAajieHHH ot ceqeHHH, b kotopom H3rH6afomHH momcht 
HM eeT Han Men bine e 3Haneinie, nojiocbi otahashotch ot och erepxcHH 
(pnc. 3,6). , 



a 6 

Phc. 3. 


3. B OKpeCTHOCTH CeneHHH, B KOTOpOlM H3rH6aK>IAHH MOMeHT paBeH 
Hyjno (cencHHe D f pnc. 2), KapTHHa iiqaoc hmcct (BecbMa xapaiKTepHbiii bha 

(p HC. 4) , nO3BOJI5TI0mH’H OTAHHHTb 3T0T yqaCTOK CTCp^KHH OT BCeX OCTaAbHblX 
H C AOCTaTOHHOH TOHHOCTbK) yCTaHOBHTb nOAO>KeHHe 

TaKoro ceneHHH. 

OcTaHOBHMCH Ha stom Bonpoce noApo6Hee. Pac- 

CMOTpHM CTep>KeHb, HMdOIAHH KpyrOByiO OCb H nOCTOHH- 
Hoe ceneHne npHMoyroAbHon $opMbi 
(pnc. 5). 

HaftAeM HanpjDKeHHH, bo3hh- 
KaiomHe Ha KOHType 3Toro CTepnc- 
HH npn AeHCTBHH CHAbI P. npeA" 

CT3BHM 3TH HanpHH^eHHH B BHAe 
CyMMbI HanpHH^eHHH, B03HMKaK)mHX 
npn AeHCTBHH B CeHeHHH OB H3TH- 
6aiomero MOMeHTa M h nonepeq- 

HOH CHAbI P . 

BocnoAb3yeMCH noAHpHbiMH p HC 5 

KoopAHHaTaMH, Bbi6paB HaqaAbHbiH 
paAnyc-BeKTop b noAon<eHHH OB . 

Hanpn>KeHHH, B03HHKaiomHe b CTep^KHe npn achctbhh b ceqeHHH OB 
CHAbi P, Moryr 6biTb ©upaoKeHu cjx>p MyA a mh KpHBoro 6pyca: aah 

Hapy)KHoro KOHTypa 




AAH BHyrpeHHero 



(1) 


(2) 
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PiarrpsnKeHHH, noanHiKaioiuHe b crepjKHe npH AeficTBMH b ce'ienHH OB 
TOJihKO MOMeHTa M, Moryr ObiTb Bbipa>KeHbi (fiopMyjiaMH hhctoto nanioa 
KpHBoro dp yea: ajih HapyjKHoro KOHTypa 


AJia BHyi'peimero 



AM 


(/?*— 1-2 In/?), 



AM 

iV 2 a* 


(/3 2 — 1— 2|8 S In ^). 


(3) 

(4) 


B 3thx <})opMy;iax /? = — , a — BHyTpeHHHH, a b — HapyjKHufi paAHychi 

CL 

CTepxcHfl, Ni = \— /? 2 +(H-/3 2 ) ln/S, Nz = (fi 2 — l) 2 — 4/3* (In /3) 8 . 

npH COBMeCTHOM AeftCTBHH CHJIbI P H H3TH6aK>merO MOMeHTa M HanpH- 
H<eHHH Ha HapyjKHOM KOHType pasHbi 

ff e 6 =a V+V ( 5 > 


a Ha BHyrpeHHeM — 




( 6 ) 


To^ikh «a KOHType, b KOTopbix h anp hhcohh h cr 06 h <r 6a paBHbi Hyjuo, 
HBJI5HOTCH OCOtfblMH TOHKaMH. B KaJK^OH OCOSOH TOTKie CXOAHTCH H30KJIHHbI 
paaHbix napaMeTpoB. Flojiocbi b OKpecTHocra tbkhx tohck npe^CTaBJiHiOT 
co6ofi nacTH oxpy>KaioiHHX KaH<Ayio oco6yio Towy oBajioB. IIoOTOMy oco- 
6bie TOHKH M02KH0 npOCTO H JieTKO HaHTH npH nOMOIHH OnTHHeCKOrO MeTO^a 
HccJieAOBa'HHH h anp h >kch h h . npHpaiBHHiB npajBbie nacra Bbipa^eHHH (5) 
h (6) Hyjno h aaMeHHB o hhx cocTaBjiHiomHe HainpH^eHHfi Ha ocHOBaHHH 
cfiopMyji (1) — (4), nojiy^HM cucTeMy ypaBHeHHH, H3 KOTopofi Hafi^eM 3Hane- 
hhh 6 a h 6 b , anpe^aejTHiomHe nojionceHHH ocoSbix iwex Ha Hapy>KHOM 
h BHyTpeHHeM KOHTypax, 


sin ^=2 


2/? 2 in 


K L. 

N,' a’ 


(7) 


sin Q b ~2 


/S 2 — 1 -2 In ,3 

/»*— 1 A /v 2 


a ’ 


( 8 ) 


Ilp.H nOMOUIiH 3THX BbipaJKeHHH MOJKHO OnpeAeJIHTb IKVIOJKeHHe CHJIbI P. 
HeTpy^HO noxasaTb, hto yrAbi 0 a h 6 b hmckdt oAHHaKOBbie 3H3 kh 
h yroji 0 b no adoojuorHCKi BejiHHHHe dojibine yrjia 6 a , xipmeM, ecjia 
l> o, TO |fl»|>|fl«|>0. 

Otcioab cjieAyer: 

1. KajKAOMy 3HaqeHHK> l cooTBercr®yeT He dojree A»yx ocodbix roneK 
:Ha Ka>KAOM .KOHType. I 

2. npH 3HaqeHHH — = 0 h m etorcH ABe napu oco6bix ToqeK, pacno- 
jioweHHbix «a b epTHKaji'bHO m AnaMCTpe (pnc. 6, a). 

3 . ripn yBejinqeHHH OTHOiiieiiim ocodbie tohkh Ha napyrnnoM .KOHType 

ofijiHJKatoTCH dbieTpee, neM Ha BHyTpeHHeM (pwc. 6,6). OoTorpac{)HH KapTHHbi 
tioaoc min 3Toro CAynasi noKasaHa Ha pnc. 4. 

4. ripn 3Ha'ieiniH 

l_ h fi*-l N* 
a a /3 s — 1 — 2 In /? 


ocodbie tohkh Ha HapywHOM KOHType 'CJiHsaKDrca b OAHy Toq«y (pnc. 6 ,b). 
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5. npH AajibHeHmeM BoapacraHHH OTHomeHHH - oco6an TWKa Ha 

Hapy^HOM KOHType Hcqe3aeT (pnc. 6, a). OoTorpa(J)HH KapTHHbi nojioc ajih 
stoto cjiynan noKaaaHa Ha pHc. 7. 


p p p 



6. npH 3HaqeHHH 


l_ 

a 


l 2 

a 


P % 




2ft 2 In /S — /5 2 — 1 

OCOSbie TOHKH Ha BHyTpeHiHCM KOHType CJBHIBaiOTCH (pHC. 6,d). 

7. npH Aa^bHeftineM /B 03 p acT a h h h OTHomeHHH — a 3 Ta nocjie^HHH oco- 
6m TOHKa HCHe3aeT (pnc. 6,e). a 

ripn onpeAeJieHHH nojiojKeHHH ceneHHH, 

B KOTOpOM H3rH6aK)IHHH MOMCHT paBeH HyjIIO 
(TOHKa nepernda), b HeBbicoKHx erep>KHHx 
MO>KHO IlpHMeHHTb OnHCaHHblH HH>Ke npHeM. 

PaccMOTpHM CTep>KeHb nocTOHHHoro cene- 
hhh, j\j ih KOToporo. OTHOiueHHe cpe/mero 
a + b 

pa^nyca r — — k Bucoie ceqeHHH 

h — b — a BejiHKo. Pa3Jio>KHM ycnjine b Towe 
nepern6a Ha j\Be cocraBjiHiomHe Q h N 
(pHC. 8). H3rn6aK)mHH momcht b ceneHHH, 
npoxo/iHLueM nepe3 TOHKy A, paBeH 

i^ = Qr s in ^ + iV>(l-' c °s 0 A ), 

a HopMajibHoe ycHjiHe b stom ceneHHH paBHo 
N a = N cos 0 a —Q sin 0 A . 

HanpHH^eHHe b TOHKe A onpe/tejiaeTCH 
M a N a 

r Ae W — mo- 
njiomaAb none- 


<J)OpMyjIOH <J A = - F , 

MeHT COnpOTHBJieHHH, a F — 
peHHoro ceneHHH cTepjKHH. 

Ecjih TOHKa A ecTb oco 6 an TOHKa, t. e. 
b Heft HanpfDKeHHH paBHbi HyjiK), to ajih Hee 



Phc. 7. 


V=“ 


Qr 6 A N— Q 0 
— - ^ — n 

W ^ F u > 
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TaK KaK yroji d A Maji. Orcio;;a 


e = 


N 


“ q (!Z+i 
\w 


tohho tsk >Ke, ecjiH To^Ka B — oco6an TOHKa Ha Hapy>KHOM KOHType, to 
A^h Hee 




i 


GjieAOB aTeji'bHo, 


1 e (f+iV 


•a- 9 ,- 2 - 


TaKHM o 6 pa 30 M, TOHKa neperw6a jiokht npH6jM3HTejibHO Ha nepece- 
veHHH 'SnccoRTpHCbi yrjia Me* Ay AByMH paAHycaiMH, ti p oBCAe hh bi m h nepea 
OCOSbie TOHKH, H OCH CTep*HH. 
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HHCTHTYT GTPOHTEJIbHOPl MEXAHHKH AKAHEMHH HAYK YCCP 

1953 CEOPHHK TPYAOB 18 


AHHAMHHEGKAJI yCTOHHHBOCTb AByTABPOBOH BAJ1KH 
nPH BHEUEHTPEHHOM AEHCTBHH I1EPHOAHHECKHX CHJI 

B. E. CaAUOn 


B CTaTbe paccMaipHBaioTCfl H3rH6HO-KpyTHJibHbie KOJieSaHHH' bucokoh AByTaBpoBon 
6aJiKH no a JieHCTBHeM npoAOJibHHx nepnoAHHecKHX chji, npnjioHceHHbix aKcueHrpnqHO. 
B pe3y^bTaTe HCcaeflOBannH AH^epeHUHa^bHoro ypaBHeHHH noJiyneHa nepean o6;iacTb 
napaMeTpH^ecKOro pe30HaHca. 3Ta o6jiacTb cnpaeeAJiHBa rjih cjiynan, xoraa sKCueHTpn- 
CHTeT npHJIOJKeHHfl CHHbl BeJIHK. 


AHHaMH'qeoKan yCTOHHHBOCTb njiocKOH (f)op Mbi H3ra6a npn BHeueHTpeH* 
HOM J^GHCTBHH npOAOJIbHbIX II 0p HOAHqeCKHX CHJI HM06T 6oJIbUIOe IIpaKTHHC- 

cKoe 3H.aqeHHe npn pacqeTax bucokhx AeyTaiBpoBbix fiajiOK Ha AHHaMHqe- 
cKyio Harpyi3Ky. 

Ajih 3toh uejiH paccMO'iipHM cjnyqan, KorAa no KOHiuaM 6ajiKH b rjiaB- 

HOH nJIOCKOCTH H3rH6a AeHCTByiOT 
3KCU,eHTpHHHO npHJIOHCeHHbie npOAOJIb- 
Hbie nepnoAHHecKHe chjibi (pnc. 1), 

KOTOpbie H3MeHHioTCH no 3aKOHV 

P t = P 0 cos wt, ( 1 ) 

rAe P 0 — aMnjiHTyAa npoAOjibHoft 

CHJIbI, 

<o — KpyroBaa qacTOTa H3MeHe- 
HHH CHJIbl. 

HanHeM c BbiBOAa AH(f>cj)epeHUHajibHoro ypaBHeHHH 3aAaqn. 
An^xj^pcimHajibHoe ypaBHeHne H3rn6a Sajmn b hjiiookocth HaHMCHb- 
inefi JKecTKOCTH HMeex ibha 

d* u 

Bl dx 2 ^ (M 0 (p—P 0 u) cos (at, (2) 


- P o C0SUJt P 0 COSUit - 




Phc. 1. 


TAe B\ — JKCCTKOCTb 6aJIKH Ha H3TH’6 B HaHMeHbHieH nJIOCKOCTH, 
u — 6okobo6 nepcMemeHHe, 

<p — yroji aaKpyqHiBaHHH opH BbinyqHBaHHH 6ajiKH, 

Af 0 — H3rH'6aioiuHH momcht «a 'Kohuax fraJLKH. 

Yroji 3 a Kp yq HiB aw h h npn BbrnyqHBaiiHH 6aJiiKH onpeAejitneTCH h >3 AH^cfre- 
peHUHajibHoro ypaBHeHHH BHAa 


Dh* d?(p dtp 
~2 C dx 


= Mq cos cot • 


du 

dx' 


( 3 ) 


rAe D — H^ecTKocrb nojiKH Ha H3ra6, 

C — HcecTKocTb ct 0 hkh Ha iKpyqeHHe. 
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ZtTu}Kf)epeHHHpyeM paoeHCTBO (3) no x, hmocm 


Dh * d*<p pd i( P 
2 dx 4 dx* 


= Mo cos wt • 


a a a 
dx 2 ' 


( 4 ) 


He kji Ionian 


d*u 

dx* 


H3 paiBCHcraa (4) c noMombio ypaBHeHHH (2), rrojiyqHiM 


Dh? _ d*y 
~2~ d . ? C dx* 


M 

(M a cp—P 0 u) cos* wt. 


( 5 ) 


n p HcoeAH HHa CHjibi HHepuHH, npHxoAHiUHecH Ha eaHHHuy aahhh daAKH, 
nojiynaeM CAeayiomee ah (J)<J) e pe h u,n a ji bH oe ypaBHeHHe HsrHdHo-KpyrHAbHbix 
Kajie6aHHiH daAKH: 


Dh* d A cp d*<p (M\<p — M^P 0 u) cos* cot 7 m d A q) _ ~ 
~2Cd^~dI* RpC CfoPdF* ~ °* 


IAC Itn ’ — MOMCHT HHepHHH CAHHIIUbl AAHHbl daAKH. 

riepenHiueM sto ypaBHenne © TaKofi <|)opMe: 


Dh * d A <p 
2C^x* 


d*<p 

a7* 


Ml COS* cot I m d A (p 

Bfi 9 >_ c' , a^* = 


Mo Poll 

Pfi 


cos* wt; 


( 7 ) 


AJIH KpaTKOCTH OOOGHaHHM 


Dh* 

2(7 


3to AH<J)c|)epeHH,Haji'bHoe ypaBHeHHe HeisepToro nopHAKa c nepHOAHHe 
ckhmh K0©4)4>HHHeHTaM'H h c npasoft 'HaCTblO. 

PeiueHHe ypaBHeHHH (7) dyaeM HOKaTb b (jx>pMe 


cp ( x , t) = W (/) sin 


nnx 


u (*, t)=V (t) sin 


nnx 

~T‘ 


(S) 


rae W(t) h n (f) — (JjyHKUHH toji©ko or ©peiMemi. 

Ecah noacTaBHTb bth 3HaneHHH b ypaBHeHHe (7), to nojiyHHM HeoaHO- 
poaHoe ah 4>4 )e P eHU -H a ji bHoe ypae«eHHe aka cjjynwuHH TE(/) 

? + 9 - {‘ - 5 C0 H w= ~ i%£c' ,u) cos ’ <9) 


, C / , n*n*a*\ 

r ® # - = j;( 1 + “) 

nW I n*n*a*\ 
M‘<p [i~ |l H p | 


_ n*n*B 1 


K P 


l* 


— KBaapaT nacTOTU codcTBeHHbix npyTHAb- 
hux KOAedaHHft nopaaKa n, 

BiC — KBaapaT KpHTHnecKoro MOMeHTa a -aa 

daAKH, 

— SHAepoBa KpHTHnecKan chas a-kb daAKH. 


JiA'H KpaTKOCTH sanHOH noAOKHM Ml : Mlp =bh; P 0 : P Kp — m* 
Tenepb ypaBHeHHe (9) nepeniiuieTCH tsik: 


cPW 

dt* 


+ e*{l-^cos 2 wt)W = - 


cos* wt. 

J- 


( 10 ) 


y^HTbllBaH, WTO 


1,1 

cos 2 wt ~ 2 + 2 cos 


( 11 ) 
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AH^epeHUHaJibHoe ypaBHeHHe (10) nepeiimiieM Tax: 


d’W 
d t* 


+ « 



bn COS 20 )t , 

— 


(- 


v) 1 


i/(/)[l + cos 2a>t]; 


( 12 ) 


AJIH Kp 3 TKOCTH o 603 HaHHM y = q\. 

OSiuhA HHrerpaji A , H 4 > 4 > e P' eH UHajibHoro ypaBHeHHH ( 12 ) pa©eH cyMMe 
o 6 mero HHTerpajia coorBercTByioinero ypaBHeHHH ' 6©3 n pa soil aacTii 
h KaKoro-jiH'do nacTHoro HHTerpajia AaHHoro ypaBHeHHH. OjiHopoAHoe ypaa- 
neHHe HBjineTCH b 3 tom cjiyqae ypaBHeHHeM MaTbe, ' h ero HHTerpaji 
H3iK'CTe i i . Hto >Ke KacaeTCH vacTHoro HHTerpajia pannoro ypaBHeHHH, to oh 
MOH ieT ObiTb nojiyneH mctoaom HocjieAoeaTejibHbix up h 6 jth jkoh h h . 

XIjih 3toh iLiejiH opeACTaBHM ypaBHeHHe (12) b bhac 

-jp + 6\W=6lqVW+6lqlW cos 2(ot- (/)[! + cos 2o>/]. (13) 


ypaBHeHHe nepBoro npH&nHHceHHH 6 ya,eT 

+ 6lw = - [1 + cos 2 w/] ; 

ypaBHeHHe BToporo npHiGjTHJKeHHH 6yAerr 

d*W m M,, 

+ 6 2 n W— — 27 C n ^ ^ + C0S ^ w ^ ®* n< l* nW 

H T. 

Rj \ ih oueHKii ycTOHHHiBOCTH ^BH^KeHHH paccMOTpHiM OAHopoAHoe ypaB- 
HeHHe 

d 2 W , L q*n COS 2 (Oh 


flepBaH ofijiacTb n a p a Merp HnecKoro pesoHaHca 6 y.neT 


t 


M 


2(3 


4+3 a ^ 1/ 4 3 M i i 


Kp 


Y 


Ml 


M: 


xp 


(14) 


(15) 


me Mo = Poho. 
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1. MejioMeH, AHHaMH^ecKaa ycTOH^HBOCTb aBnaKOHCTpyKUHH, 1939. 

2. yHTTexep h BatcoH, Kypc coBpeMenHoro aHaiiH3a, t. II. 
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HHCTHTYT CTPOHTEJIbHOH MEXAHHKH AKA.HEMHH HAYK YCCP 
1953 CEOPHMK TPY/tOB Nb 18 


PABOTA CTAJIbHbIX HEPA3PE3HbIX BAJIOK 
b ynpyro-njiACTHHECKOH ctaahh npw fioubjokhoh 

HArPy3KE 

H. a . Mydun 


B CTaTbe H3Jio^eiibi pe3yjibTaTbi ncnbiTaHHH AByxnpaneTHbix 6ajioK npn noABH^KHoft 
Harpy3Ke. Run cpaiBHeHHH npHBeaeHbi a amrue HcnbiTaHHH thkhx me 6ajioK npn ct3th~ 
necKOH oAHOKpaTHOH h noBTOpHOH HarpysKax. 


BBeAeHMe 

B OTeqecTOeH«afl h aarpaHHHHOH JiHTeparype HMeeTGH Hedojibiiioe kojih- 
necTBO pa6or, nocBHiiAeHHbix HcaieAOBaHHio padora Hepa3pe3Hbix fiajiOK npH 
noABH^KHOH HarpyaKe 3a npeACAOM ynpyroc™. 

B 1932 r. f. Bjiafix [1] onySjiHKOBaji TeoperaneoKoe hoc ji e aob a h h e, 
nocBH'meHHoe STOMy Bonpocy. TeopeTmecKioH pai6oToft HBJiflercH Taione 
CTaTbH 3. MejiaHa [2], o koto p oh AaeTCH o6mee AOKa3arejibCTBO nojio>KeHHH 
Ejienxa. 

Han6ojiee noJiHo TeapeTunecKH HccjroAOBaji paSory HcpaapeaHbix 6ajioK 
npn boabh>khoh HarpyaKe b ynpyro-njiacTH^ecKOH ctbahh Jl. H. MajiaivreHT 
[3]. Oh nojiynHji pesyjibTaTbi, BecbMa Majio oTJinqaiomHeoH or pe 3 yjibTaroB 
I\ Bjieftxa, b qacTHocTH ajih AByxnpojieTHoft 6ajiKH npeAejibHan Harpy3Ka 
nojiyqnjiacb Ha 3,8% MCHbme, qeM y Ejiefixa. 

K. T. npOTaooiB HocjreAOBaji paiSory <j)epM npn hoabhhchoh Harpy3Ke [4]. 
Oh p acoMaTpHBaeT h Hepa^pesHbie 6ajim, npmeM <6ojiee npocrbiM ohoooCom 
nojiyqaeT peayjibTaT, coBinaAaioLAHH c peayjibTaTOM Bjieftxa. 

B, pa6oTe A, A. rB03Aesa [5] Tax>Ke ahho hocji e aob a h ho pafiora Anyx- 
npojreTHOH dajiKH npH hoabh>khoh Harpyaxe h noJiyncHO 3HaqeHHe npeAejib- 
hoh Harpy3KH Taxoe x<e, Kax h no TeopnH Bjienxa. 

3KcnepHMeHTajibHbie HCCJieAOBaHHH no AaHHOMy Bonpocy, cyan no ony- 
6 ji h kob a hhoh jiHTepaType, oTcyTCT^yiOT. 3 to OTMeneHo Taioxe b CTaTbe 
«ZIa3apa [6], b KOTopofi jxzh noApo6HbiH nepeneHb h KpaTKHH aHajiH3 3Kcne- 
pHMeHTajibHbix HccjieAOBaHHH ynpyro-HJiacTHnecKOH padoTbi paspeaHbix 
h Hepa 3 pe 3 Hbix 6ajiox, npnneM pafiora, BbinojmeHHbie b CCCP, 3a ncKjiione- 
HneM oahoh pa^oTbi E. O. HaTOHa h B. H. rop6ynoBa, b stom inepenue 

OTCyTCTByiOT. 

B HacTOHmeft CTaTbe H 3 JiaraiOTCH HOKOTOpbie pe3yjibTaTbi S'Kcnep h mch - 
TaJIbHblX HOC JICAO B a H H;H pa 60 TbI AByXnpOJIOTHblX 6ajTOK inpH nOABH>K'HOH 
Harpy3Ke b ynpyro-njiacTHnecKofi CTaAnn, BbinojmeHHbix b HHCTHTyTe CTpoH- 
TejibHOH MexaHHKH AH yCGP b 1951 — 1952 rr. ripeABapHTejibHo npnBo- 

AHTCH HCiKOOX)pbie T60p 6THH 6C KH e AaHHbie. 
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1. H3th 6 AByxnpojieTHofi 6ajiKH npflMoyrojibHoro ceneHHH npw iioabidkhoh 

Harpy3Ke 


npH pa6oTe b ynpyro-njiacTHqecKOH eraAHH, nocjie o6pa30BaHHH njia- 
CTHMecKHx 3 oh, SajiKa cTaHOBHTCH KaK 6hi fiaji'Kofi nepeMenHoro ceqeHHH. 
Ha n pOTH > k6hh h boh TeKyqecra h3imch5I€tch ^KecTKOCTb 6ajiKH. 3Ty nepe- 
MewHyio >KecTKocTb jierKO onpeAeAHTb, noAioacHiB b ocHOBy pacnera HA^ajin- 
3HpoBaHHyio AHarpaMMy Ae^opMauHH c HeorpaHHqeHHOH ropn30HTaAbHOH 
BAOmaAKOS TGKyMeCTH. 

MoMCHT B KaKOM-AH0O CCT€HHH *6aAKH B lrpCtfjejiaX 30HbI TOKy^eCTH 
BbipamaeroH ^opMyAofi [7] 

M x =o T T(l-^y 0) 


3aocb ct t — npeA-eJi TeKyqecra, 

T— — njiacTHBecKHH momcht con p oth b jichh h , 


— OTHocHTeAbHan BbicoTa ynpyroro hap a (pHC. 1). 

Ecah npeAiroAOJKHTb npouecc mrm6a HeorpammeHHo ympyrnM, 
B KpaHHHX BOAOKHaX CGHCHHH GyAyT HanpH^KeBHH O p > (pHC. 1). 

HeTpyAHO BHAerb, hto 


a F = — , 

F a 


H COOTBeTCBByiOIAHH MOMCHT 


oW M 
M^OjW = — — = — 


TO 


npnpaBHHBaH KpHBH3Hy OT AeHCTBHTeAbHOrO MOMeHTa M x KpHBH3He, 
cooTBcrcTByioiueH np hbcach ho My MOMeHTy M pt noAyqiHiM, kbik noKa3aHO 
b HauieH pa6oie [9], 


{EJU = EJ (2) 

n P H a = 0 =0, hto cooTBeTCTByeT o6pa30BaHHio rmacTHHecKoro 

mapHupa. 

npHBCAeHHblMH MOMeHTaMH yAO&HO n0Ab30BaTbCH npH HCCAeAOBaHHH 
ynpyro-nAacTHHecKOH ctbahh paSora 6ajioK, Tax KaK b TaKOM cjiynae 
mo>kho p accM aTp h b aTb npouecc mrn6a kbk HeorpaHm-eHHo ynpyrnfi. Taxon 
npneM 6biA npeAAOKeH TipocJ). C. A. BepuiTeHHOM n ncn oji i>3ob a h B. C. Typ- 
KHHbiM npn HCCAeAO'BaHHiB pa6oTbr 6haok npn hciioabh^khoh HarpysKe [8j. 
HaMH pacnpocrpaHeH stot npneM Ha pacneT b CAynae noABHAtnofl Harpy3KH. 
OnpeACACHHe Ae^opMauHH 6aA0K c HcnoAb30BaHHeM npHBeAeHHbix MOMen- 
tob HMeercH b yKasaHHOH pai6oTe B. C. TypKHHa h b Ha, mew c^aTbe [9], 

B a By xn p o actho ft 6aAKe c paBHbiMH npoAeTaMH n;pH tioabh>khom oah- 
hohhom rpy3e onpeACAeHHOH BeAHHHHbi cnepBa o6pa3yeTCH nAacTHHecKHH map- 
Hnp b ceneHH'H boa rpyaoM, npHneM © momcht odpasoBannH SToro niapHnpa 
b onopHOM ceneHHH 6aAKH nAacTHHeoKHe AecJ^pMaunn eiue orcyTCTByiOT. 
3ro cAeAyeT hb pemeHHH npHiBe ac h ho fo HHH<e ypaBHeHHH. 

rioKa He O’SpasoBaACH iia a cthhcckh h mapHHp, 6aAKa oahh paa craTH- 
hcckh neonpeAeAHMa. 

XIah Haxo>KAeHHH AHmHero HensBecTHoro ncnoJibayeM ycAOBHe paBeH- 
CTBa yrAOB naKAona KacaTeAbnon k H3orHyTon och 6aAKH CAeBa h cnpaBa 
ot cpeAHCH onopbi 

<Pm =( P uv - (3) 
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Ha puc. 2 noKaaaHa p aeon HTbiiBae Man SajiKa. noAOi>KeHHe rpy 3 a onpe* 
iiejineTCH nepeMeHHOH aficuHccofl ??/. ripe^nojiaraeTCJi, mo rpy3 abhjkctch ot 
aeBOH onopbi k npaeofi. 

BejiH'MHHy HarpyaKH 6yjieu Bbipa^Karrb Hepe-a napaMexp m h BeAHHHHy 
npe^e^bHoro MOMCHTa M T . HMeeM 

PI 

ili T — o t T = — , 


OTKy^a 


P= 


moT 


(4) 


BBeAeaHe napaMerpo© m, i? h «o HCKjnoqaeT his ypaBHeiiH^ P, o T , T w l 7 
t. e. no 3 BojineT nojiy^HTb peuieHHe He 3 aBHCHMO ot pa 3 MepoB 6 ajiKH h MapKH 
CTaJIH. 

3Aecb ao — OTHocHTejibHan 
BbicoTa ynpyroro HApa b cene- 
hhh noA rpy30M. 




Ha pHc. 2 noKaaaHa npHiBeAGHHan aniopa momchtob, otahh aiojua hch ot 
AeftcTBHTejibHOH 3auiTpHxoBaHHOH qacTbfo na aahhc 30 H TeKynecTH. 

npH cocTaBAeHHH Bbipa>KeHHH ajib yrAa noBopoTa <p AeB 6yn,eM onpe- 
AejiHTb OTAeAbHo yroA or M x h yroji A<p or AM = M P — M x . hocne noA- 
CTaHOBKH 3HaH i eHHH M f h M x nOAyHHM 

a T /2 \ 

^=ir(|- 3+ «-)- < 5 > 

rioJibByHCb rp a (j5oa h bah t hh eon h m MexoAOM ajih onpeAejieHHH yrAOB 
noBopoTa, oorAacHo pwc. 2, hioayhihm ypaiBHeHHe (3) b cAeAyiouieM BHAe: 

Pnl{\-n)l l W + l) M c i , „ Mj 
T +J<p ***= T* (3) 

Ha ocHOBa-HHH npocTbix reoMerpHiHecKHx coo6pa>K ) eHHH (pnc. 2 ) Bbipa- 
3HM OnOpHblH MOMeHT M c Hep€3 tTl, rf H a 0 

[m (1 -v) - ~ (l - ^)} «r T T. (6) 

riocjie iiquct a hobkh aroro 3 h»tohhh M c h 3«aqeHHH P b (3') noJiyviiM 
m(2 (l-^)- 4m (i_^) + i(i_^ + _|_ z /^ eB= o. (3") 


Ypoa (cooTBeTCTBeHHo AByM yqacTKaM aoiioahh- 

TeAbHoft amopbi momchtob) . 

rioA'b3yHeb rpaicfx) a h a a hth necKH m MeroaoM, noAynHM 


^9n 


ni 


AMxdx r AMxdx 


r /jMxdx r 

~J ~l J 


( 7 ) 


vi 
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npe^ejibi HHTerpupoBaHHH x a h x b JierKO anpeAejiHiOTOH 113 noAo 6 n» 
TpeyrOJIbHHKOB (pHC. 2) 

_ 2 yl _ ( 3 mr ]- 2 )rjl 

Xa 3-o!» x >> 3mij~ 3+«r w " 


npn noACTaHOBKe 3HaneHHH AM b (7) Hy>KH0 ynecTb, hto 3HaneHHfl a 
b (5) 6yjiyr paanbie ajih Jiepnoro h bt noporo HHTerp haob. 
no pHC. 2 aah jieBoro yqacma 

__Mr = £ 

•^0 -§)"*' 


TaK Ka« 




to nocjie npeodpaaoBaHHfi nojiynHM 


« = y 3-(3-o;)i, 


CooTBercTB€ h ho win npaBoro y'lacTKa nojiynHM 


a 3—3mt]+(3mr l —3+al)^. (10) 

BuncwiHHB HUTerpupoBauHe h noAcraBHiB nojiyneHHoe no <j>opMyjie ( 7 ). 
3Ha'HeHHe b (3")> iKWiyHHM ypaiBHeHHe b oKomaTe/ibHOM bhao 

mriil-tj 3 )— 4/71(1— i?) + | |l- + 

79 * 

+ (3_ ct »)8(3 m<? _ 3+w »)2 [ 78 /n *jj* - 75 /nif + 2 1 6/7*17 ( 1 - 772*7) «o + 

+ 2/72t)( 81/7217— 82) «* + 24zni? ( 77217 — 2) «“ 4- 18/ni7(5—3/72i?) aj — 

— 8 / 22 i 7 «^ + 6/2217 ( 77217 — 2 ) ul+ ( 11 )' 

HpH aaAatHHOM 3Ha , qeHHH P, r. e. m, hs 3Toro ypaiBHeHHH mojkho onpe- 
AejiHTb d 0 npn pa 3 jiHqHbix 3 HaneHHflx 77, t. e. npn pa 3 AHHHbix nojio^eHHnx 
rpy 3 a P. 

y.paBHeHHe (11), b iKOTopoe <z 0 bxoaht b agchtoh cTenetm (nocAe ocbo- 
6o>KAeHHH ot BHaiMenaTejiH), Aento pemaeTcn mctoaom nocAeAOBaTeAibHbix 
npH6jIH>KeHHfi. 

3Ha-q a 0 , BbifqHcjiHeM MOMeHT ,b ceqeHHH noA rpyaoM no ypaBH6HHio (1) 
u onopHbi'fl MOMeHT M c — no ypaiBHeHHio (6). npOH3BOAfl BbrqncjieHHH npn 
pa3JIHMHbIX BHaneHHHX t] i MOMHO nOCTpOHTb AHIHHH iBAHHHHfl npOAOTHOrO 
H OnOpHOro MOMeHTOB. 

ypaBHeHHe ( 11 ) HMeeT cAeAyioiUHe npeAeAw np h m enniM octh : 1) a 0 =l, 
t. e. 6ajiKa paSoTaer eme noAHOCThio b npeA*ejiax ynpyrocm. B stom CAy- 
nae ypaBHeHHe HMeeT bha 

3mrj 2 ( 1 — ^*)— — J?)+8 = 0 . (12) 

2 ) a 0 = 0 , hto cooTBeTCTByeT o 6 pa 30 BaHHK) HAacTHHGCKoro mapHHpa b cene- 
hhh boa rpy 30 M. B stom cjiynae oaAKa craHOBHTcn cTaTHHecKH onpeAeAH- 
moh. ypaBHeMHe ( 11 ) HMeeT bha 

— 27 m s ^ 6 + 80 /n 2 ^ 5 + ( 135 /n 8 ‘- 52 m)^ 4 — 

— ( 270 / 72 *+ 108 / 72 3 )iQ 3 +( 324 /n 2 + 135 / 7 ?)^ 8 — 324 /n^ + 108 = 0 . ( 13 ) 
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ypaBHeHHH (12) H (13) M02KH0, KOHeHHO, riOJiyHHTb He3aBHCHMO OT ypaB- 
H0HHH (11). 

PaccMorpHiM npeA^JibHoe coctqhhh© 6 sjikh, cooTBeTCTByiomee BbipaBHH- 
BaHHK) npaneTHoro h onopHoro mom6htob, t. e. o6pa3o&aHHK> BToporo njra- 
cTHMecKoro mapHHpa (b onopHOM cmemm). 

CorJiacH-o pnc. 3 

P f ]{ 1 — ^)/=TQ(T T 5 r +(r T T. 


Bbipa^Kan na ocHOBaHHH (4) P nepea m, nojiyqHM 
mr] (1 — v) = 1 + n- 


(14) 

dm 


npoAH(J)cJ)epeHij,HpoBaB sto ypaiBHeiiHe no ij h inpwpaBHHiB Hyjito , 
H3H,aeM rj = 0,4142 h 3aieM H3 (12) HaSa,eM m = 5,8284 ^ 5,83. Tot >Ke 

pe3y;i bT3T HeCKOJIbKO HHbIM nyTeM A. A. T B 03 ACB [5]. 

TaKHM oSpaaoM, xipeflejibHaa Harpy3Ka, Ha ocHOBan»H ( 4 ), paiBHa 



Pt- 


5,83 o t T 

l 


h npeaejibHbifi mom e ht 




a r T= 


Pri 

5,83’ 


rioACTaBHB m — 5,83 © ypaBHenwe (12), nojiy^HM npeAejrbHoe 3Hane- 
HHe r) = 0,1385, npn KOTopoM 6 ajiKa paSoTaeT eme ynpyro npH ab«>k©hhh 
npea,eAbHoro rpy 3 a cjiesa HanpaBo. Bropofl inojiowHTejibHbift KopeHb ypaiB- 
HeHHH (12) t] — 0,775 cooxBeTCTByeT nipeAeJiy ynpyrofl p aSorbi SajiKH npn 
Abh>k 6 hhh npeAeAbHoro npy 3 a BJI6B0 ot cpc Alien onopbi C k onape A. 


t 



Te i 

IloACTaBHiB m — 5,83 ;b ypaBHeHHe (13) w peuiHB ero mctoaom nocjie- 
AO-BarejibHbix n p n6 ji h >kohh h , nojiyTHM 17 = 0,252, hto cootbctctb y eT nojio- 
oKeHHK) npeAejibHoro rpyaa, npH KoropoM ©OpaayeTCH b 6ajwe nepBbin ima- 
CTHnecKHH uiapHHp. Btopoe noAOJKHTeAbHoe peuieHHe rj = 0,600 cootbct- 
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CTByeT o6pa30BaHHio nepBoro njiacTH^ecKoro mapHHpa npn ABH>KeHHH rpy3a 
OT C K A. 

J\jm i3HaneHHH 0,252 X rj 0,1385 npn HSiBCCTHOM tn no ypaBHC- 
hhk> (11) onpe^eJTHeM a 0 h BbiTHCAHCM npoAeTHbin h onopHbin MOMeHTbi 
no <})opMyjiaM (1) h (6). 

Ha pnc. 4 nocTpocHbi npn tn — 5,83 ahhhh bahhhhh onopnoro MOMema 
H OTH'6aK>maH AHHiHH HDOACTHblX MOMCHTOB npH ABH2KCHHH Ppy3a B ACBOM 
npojieTe. llpn nocTpoeHHH sthx ahhhh He yTreHbi ocTaTOHHbie MOMeHTbi, 
KOTOpbie nojiynaioTCH b 6ajiKe BCJie^cTBne o6pa30BaHHH njiacTHnecKnx A^- 
(J)OpMaiI,HH. OcTaTOqHbie MOMCHTbI eyiUeCTB6HHO iH3M€HHK)T BHA JIHHHH BAHH- 
HHH MOMCHTOB. He OCTB H BB JI H B a HCb Ha Oil pCAC ACH H H OCT 3 . T OH H bl X MOMCHTOB, 
OTMCTHM, HTO tBbPH HC AC H H e HX npOHBBOAHAOCb B npCAnOAOHiieHHH HO A HO H pa3- 
rpysKH 'SaAiKH nocA-e Harpy^KeHiiH b khkom-ahSo ceneHHH, npHneM noAara- 
Aocb, hto pasrpyaKa xiponcxoAHT no AHHeHHOMy aaiKOHy. HpH noBTopnoM 
HarpyH^eHHH, noeAe nepeMeiucHHH rpy3a b cACAyioiAHe noAcoKem-iH, t aione 
npeAnoAaraAocb, hto npOAecc Accf)OpMauiiH y ao b ac t B op hct AHHeHHOMy 
3aKOHy. TaKHM o6pa30M, ocTaTonHbie MOMeHTbi noBTopHoro Harpy>KeHHH 
BbmncAHAHCb no (JiopMyAaM ynpyron pa6oTbi 6aAKH. Ecah npn stom oahh 

H3 MOMCHTOB — npOACTHblH HAH onopHblH — OKa3bIBaeTCH OOAblUe, HCM 
Mx — GtT) to, OHCIBHAHO, TaKOH MOM6HT Hy>KHO CTHTATb paBHbIM Mr 
h CACAaTb cooTBeTCTByionxHH nepecneT AAH ETcporo MOMeHTa. Ha pnc. 5 
HOCTpOCHbl AHHHH BAHHHHH OHOpHOrO MOiMeilTa M c H orHiOaiomaH jihhhhMp 
c yncTOM ocTaroTHbix momchtob npii nepBOM npoxoAe rpyaa cAeBa Hanpaao. 
TaM >kc oTACAbHO HanepnciHbi ahhhh ocxaTOTHbix momchtob. n oaO'>k h T e ji b- 
Hbie MOMCHTbl, fi OTAIIMHC OT pHC. 4, OTAO^KCHbl BHH3. 

Hpn BTopoM ABHJKeHHH rpyaa (cnpaaa HaACBo) ahhhh M c h Mp hmciot 
BHA, noKa 3 a h h biii «a pnc. 6. Jlerco yOeAHTbCH, tto AaAbHenniHe noBTopHbie 
n^peMemcHHH rpyaa CAeBa Hanpaao n b o^paraoM h an p bbach hh hc AaAyT 
HOBbIX OCTaTOTHbIX MOMCHTOB H BHA AHHHH M c H Mp OCTaHCTCH npe>KHHH. 

HpH Bcex abh>kchhhx rpyaa onpaBa hbacbo ahhhh bahhhhh momchtob 
B TOHHOCTH '6yAyT CO'BHaAaTb c H3o5pa>KeHHbiMH Ha pnc. 6, a npH^ABHA<e- 
HHH CACBa HanpaBO — C 3CpKaAbHbIMH H3o6pa>KCHHHMH 3THX AHHHH. 

npHBCACHHbie 3ACCb AaHHbIC AAH npeAeAbHOrO COCTOHiHHH OCTaiOTCH 
B CHAe, OnCBHAHO', H AAH A B yT 3B p OBiOTO CCTeHHH. ZIaH ynp yrOjHAaCTH nee KOTO 
COCTOHHHH OCHOiBHblC ypaBHCHHH 6yAyT HMCTb SOACC CAO^KHblH BHA, HCM AAH 
6aAOK npHMoyroAbHoro ceneHHH. 3th ypaBHeHHH noAyneHbi hhmh, ho 3Aecb 
He npHBOAHTCH. 

2. Pe3yAbTaTbi onhiTOB c AByxnpoAeTHbiMH 6aAKaMH npHMoyroAbHoro 

ceneHHH * 

KpOMe OCHOB'HbIX HOnbITaHHH HpH nOABHACHOH HarpyiKe, lOblAH npOH3- 
BeAeHbi TaKA<e ncnbiTaHHH npn Hen oab hjkh o h cTaTHneoKOH Harpy3Ke h npn 
noBTopHon Harpy3Ke, hto a^ao B 03 MomHOCTb cpaBHHTb Hecymyio cnoco6- 
HOCTb 6aAOK npn pa3HbIX yCAOBHHX paOOTbl. 

Bee onbiTHbic 6 sakh, nan npHMoyroAbHono, Tax h ab y Ta b p o Boro cene- 
HHH, H3TOTOBAeHbI H3 OJXHOTO KyCKa AHCTOBOH CT3AH TOAIAHHOH 30 MM. 
BaAKH npAMoyroAbHOTO ceneHHH hmciot paaMcpbi ceneHHH 20 X 30 mm. 
ZJah AByxnpoACTHbix 6aAOK Ka>KAbin npoAeT paacH 500 mm. HcnbiTaHHH 
n p o h3bo ah a hc b Ha cneunaAbHOH MaminHe, CKOHCTpyHpOBaHHOH h H3roTOBAeH- 
HOH B HHCTHTVTe CTpOHTCAbHOH MeXaHHKH AH YCCP. PaBMepbl OinbITHbIX 
6 saok Ha 3 HanaAHCb b oootbctctbhh c pa3McpaMH h moiiahoctbio m aniHHbi. 
Ha 3T0H MauiHHe bo3mo>kho ocymecTBAHTb CTaTHnecKyio, noBTopHyio h no- 
ABH>KHyio Harpy3KH nan b oahom npoAeTe, Tax n b o6ohx npOAeTax oaho- 

BpCMeHHO HAH HCOAHOBpCMCHHO. Ma'KCHMaA'bHaH HaTpy3Ka B OAHOM npOACTC 
COCTaBAHCT 2 T. 


* Bee onbiTbi, onHcaHHbie b HacTOHmefl CTaTbe, BunojiHeHbi MJiaAuiHM HayTHbiM co- 
TpyAHHKOM B. B. TpCKj)HMOBHqeM nOA pyKO'BOACTBOM aBTOpa. 
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ZIjih o'npe,neji€HHH MexaHHHeoKHx xapajcrepHCTHK CTajrn H3 jiHCTa ObiJiH 
Bbipe3aHbi 12 nponopuHOHajibHbix o6pa3uoB d= 10 mm, KOTopbie ncnbiTbi- 
BajiHCb na paspbiiB. XteBHTb ofipasmoB 6 hjih Bbipeaa-Hbi b cpeAHefi Mac™ 
JiHCTa, a TpH — y Kpan JiHCTa. Kax bhaho H3 Ta6ji. 1, MexaHHHecKHe xapaK- 
TepHCTHKH o6pa3UOB, Bbipe3aHHbix b cpe^HHe h y Kpan jiHCTa, OKa3ajiHCb 
cyuxecTBeHHo pa3JiH«iHbiMH. AHajiorHHHoe HBjieHHe Ha'6jifOAajiocb HaMH 
h paHbme [10], 

T a 6 ji h u a 1 


Medo 

Bbipe3KH 

o6pa3uoB 

o T 

(kzcm 1 ) 

a np 

(KZjCM-) 

£ °/o 

V' % 

°p 

(tCZ/cM-) 

•5 

(KZjCMr) 

npHMe^aHHe 

B cpe^HHe 
mi da 

2150 

4070 

26,8 

58,4 

3200 

7850 

CpeAHee 
JUIfl JieBHTH 
o6pa3uoB 

y Kpan 
JlIICTa 

1790 

3433 

35,5 

72,6 

2277 

8327 

i 

CpeAHee 
Ajih Tpex 
o6pa3UOB 


Ha pnc. 7 noK-aaaHM AHarpaMMbr Aecjx>pMauHjH, nocTpoeHHbie no cpeA- 
hhm AanHbiM HcnuTaHHH Ha paspbLB. ^ Jin Ha njioiuaAKH TeKynacTH KOjieSa- 
jiacb &JIH pasjiwrawx o6paauoB b npeAejiax 1,0— 1,5%, b cpeAHeM 1,3%. 



Phc. 7. 


npeAeji TOKyqecTH onpeAejnHJiCH Taione H 3 onbiTOB Ha mm6. C stoh 
uejibio HcnbiTaHbi a Be oAHonpojierHbie OajiKH c npojieTOM b 500 mm c cocpe- 
AOTOHeHHOH chjioh, npHJio>KeHHOH nocepeAHHe npojieTa. IlpeAeji TeKynecTH 
BbHHCJIHJICH no (J)OpMyjie 

_Mt 

rji 9 

bh 2 P T Z 

rAe T— h ilf T = -£- — npeAeAbHbiH MOMeHT. 

Hs onbiTOB nojiyqenbi aah a T mmeimn, paBHwe 2180 ks/cm 2 
h 2120 fte/cM 2 ; cpeAHee 3HaneHHe 2150 ks/cm 2 . TonHoe coBnaACHHe co qpeA- 

HHM p e ByjIbTaTO'M HCnblTaiHHH Ha paCT5I>KeHHe HBJI'HCTGfl, KOHGHHO, 

cjiynaftHocTbio. 

HcnbiraHHe AByxnpojierHbix 6aji>oK craTH^ccKOH 

Harpy 3 KoS 

HcnbiTaHbi abg Osjlkh (JVb 4 h 13). Bajixa No 4 Bbipeaafta y xpaa 
jiHcra, Jsfo 13 — H3 opeAHHbi ero. BajiKH Harpy>KajiiHCb coc pgaototghhoh 

CHJIOH B OAHOM H3 OTpOJieTOB, iB CepGAHHe npOJIGTa (N® 4) H Ha paCCTOHHHH 

0,4142 / or KpaHHGH onopbi (Ns 13 ). Bo BpCMH onbrroB c noMombio onop 
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AWHaMOMerpoB HBMepHJiHeb Bee Tpn onopHbic peaKUHH. CpcAiian onopa 
HenoABHMHaa, Kpa&HHe onopw noABHJKHbie. HarpyaoMHoe npHcnoooSjieHH'e 
TaKste HMeeT ahh 3 mom€tp c h h ahk aTop om . Ta-KH-M o6pa30M, bo Bpeiwa onbi- 
TOB 6bIJia ©OQMOHCHOCTb COIIOCTaBJIHTh BeJIHUBHy HarpyaKH C CyMMOH pea.'K- 
UHfi. ToqHOCTb HSMepeHHH oKaaaaacb AOcraTOTHO BbicoKoft: cyivnua H3MepeH- 
Hbix peaKUHH oTJi'HHaiJiacb ot BejriiHHHbi Harpy.3KH -He Cojiee hcm Ha 1 2%, 

ecjiH He cHHTaTb nepBbixeryneHeH 
Harpy3KH, Korua omnfiKa aoxo- 
AHjia ao 4%. 

riporH6bI H3MepHJIHCb hhah- 
KHTOpaMH, a yAAHHCHHH KpaHHHX 
BOAOKOH — pbiqa>KHbIMH TGH- 
30MeTpaMH. 

OnbiTHbie AHarpaMMbi aah 
6aAKH JVo 4, KOTOpbie 3Aecb He 
npHBOAHTCH, noKa3ajiH CAeAy* 
loruee. 





Puc. 8. Phc. 9. 

B npeAe^ax ynpyrocTH onbiTHbie h TeopeTHnecKHe AHarpaMMbi corAa- 
cyiOTCH AocTaToqHo xopoiHO. TeopeTnqecKH npn npeAeAbHofi Harpyaxe 
AOAJKHO npOHBOHTH Bblp aBHHiBaHHe npOACTHOrO H onopnoro MOM 0 HTOB. 
II p a KTH H 6 CKH Bblp aBHHiBaHHe MOMeHTOlB He HaSAIOiaaeTCH, KaK 9T0 HeOAHO- 
KJpaTHO hoatb e p hc a a a oc b onbiTaMH upyrax hc c a e aob are ag h . PiMeeTcn toabko 
T eHAeHUHH IK <BbIpaBHHBaHHK>, Bbipa>KaK>maHCH B 3aMeAAeHHH pOCTa TIpOAeT- 
Horo MOMCHTa h ycKopeHHH pocTa onopnoro MOMCHTa. 

XeopeTHHecKaiH npejiejibum HarpyaKa ajjh 6aAKH N° 4, BbiHHCAeHHan 
npn cpeAHOM i3HaneHHH a T = 2150 ice/ cm 2 , oKaaaAacb paBHoft 

6(t x T 

Pt= — y~ ~ H95 kz. 

OnbiTHbie AHarpaMMbi MOMeHTOB He AaioT bo3mo>khocth oTMeraTb KaKHe- 
ah6o xapaKTepHbie tohkh, cooTBeTCTByioiUHe npeAeAbHOMy coctohhhio. JJna- 
rpaMMbi n^e nporn6oB hcho yKa3biBaiOT Ha pe3Koe B03pacTaHHe npornOoB npn 
Harpy3Kax, npeBbimaioLUHX P — 1 100 Ke, hto MeHbiue TeopeTHnecKOH npeAeAb- 
hoh Harpy 3 KH na 8%. Heo6xoAHiMO ynecTb, mto 6aAtKa Ns 4 BbipesaHa 
y Kpan AHCTa, rAe <x T , KaK yKasaHo Bbiine, MeHbine 2150 tee/ cm 2 . Ecah npn- 
HHTb <j r = 1790 kc/cm 2 (aah o6pa3uoB, Bbipe3aHHbix y Kpan AHCTa), to onbiT- 
Han npeAeAbHan Harpyana 6yueT Ha 9% 6oAMiie TeopeTHH eciKO h . 
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flaHHbre HCHbiTaHHH SajiKH No 13 npuBeAeubi Ha pnc. 8, 9 h 10. KpoMe 
AHarpaMM HarpyaKH, a aHbi Taoce AHarpaMMbi paarpyaKH. TeopeTMecKaa 
irpeA^JiBHaH HarpyaKa, pasHaa P T = 1153 /ca, MeHbiue, aeM jxjw OajiKH JVb 4, 
TaK KaK Harpy3Ka npHJioJKeHa He nocpeAHHe npojieTa, a b caMOM HeBbiroA- 
HOM nOJIO>KeHHH, Ha paCCTOHHHB 0,4142 l OT KpaHHCH onopbl. Ka-K H AJIH 
6aAKH JsTs 4, HaOjIIOAaeTCH TeHA^HUHH K BblpaBHHBaHHK) MOM6HTOB (pnc. 9). 
Ha tom >kc pnc. 9 BBepxy noKaaaHbi onbiTHaa h TeopeTHHecKan smopw 
OCTaTOHHbIX MOMe-HTOB, OnbrTHbie OCTaTOHHbie MOMeHTbl MeHbiue Teope- 
TH^eCKHX. 


Pk? 



AiiarpaMMbi npornGoB h OTHOCHTejibHbix yAJiHHeHHii (pnc. 10) He hmciot 
t3khx pe3KHx h 3 Jiomob, KaiK AHarpaMMbi ajih 6aji«H N» 4. IloaTOMy yCTaHO- 
BHTb no 3 thm AnarpaMMaM BejiHHHHy onbiTHOH npeaeJibHoil HarpyaKH He 

npeUCTaBJIHeTCH B03MO>KHbIM. 

HcnbiTaHBH 6 a jio k A r ° 4 h 13 cTaranecKOH narpy3KOH noKa3aji«, k»k 
h pn« Apyrnx HCCJieAO b a hh h , mto b h p aai i hb a h h e momchtob He HaOjwoAaeTCH, 
xiTo oSbHCHHeTCH oTjunnieM cbohctb peajibHoro MarepHajia ot cbohctb HAea- 
AH3H poB aHHoro, AHarpaMMa Ae4 )0 P Mau ' H ® KOToporo HMeeT Heorp a h hhoh h yio 
njiomaAKy TeKynecTH. CymecTBeHHoe bjihhhh€ OKaabiBaer ynponHCHHe nocne 
npoxo*AeHHH iuiomaAKH TeKynecTH. HajmqneM ynpoMHeHHH o6-bncHHeTCH 
TasoKe cymecrseHHoe p acxojKAe Hue b onbiraoM h TeoperanecKOM 3HaneHHHX 
ocTaTOHHbix iMOMeHTOB (pnc. 9). OnbiTbi c Hepaape3HbiMH 6aAKaMH He Aaior 
BO3M0JKH0CTH onpeAejieHHo ycTaHOBHTb BejiiHMHHy npeAejibHoii HarpyaKH 
b OTJiHHHe ot oAHonpojieTHbix 6aAOK, rAe onbiTHbie npeAejibHbie Harpy3KH 
yCTaHaBAHBaiOTCH AOCTaTOHHO TOHHO. 3t 0 OTMenaAOCb B Haiueft CTaTbe 
[10]. Bo bchkom cJiynae, TeopeTHnecKHe npeAejibHbie Harpv3KH bo b pe m h 
onbITOB OblJIH AOCTHTHyTbl <6e3 3HH L IHTCJIbHbIX Ae<J>0 p M a'UH H H HaH60AbIIiee 
cf)AH*eHHe npojieTHoro h onopHoro momchtob npoHcxoAHJio npn HarpysKax, 
OcjibiiiHX, neM TeoperHaecK He npeAejibHbie HarpyaKH. 

HcnbiTaHHH A'syxnpoAeTHbix 6ajioK noBTopHoft 

Harpy3Ko2 

HcnbiTatibi Ase SajiKH, Ns 9 h 10. 06e 6aJi,KH ,Bbipe3aHbi H3 cpeAHHbi 
jiHCTa. Harpy3Ka npnKjiaAbiBajiacb b oahom H3 npojieTOB, Ha paccTOHHHH 
0,4142/ ot KpaftHeii onopbi. Banna Ns 9 ncnbiTbiBajiacb TOjibKO noA Aeft- 
CTBHeM npeAeAbHoft Harpy3KH, onpeAejieHHoft TeopeTHnecKH. Flpn ncnbiTaHHH 
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6ajiKH Ns 10 npoH3BOAHJiocb nocjieAOBaTejibHoe Harpy^eHHe B03pacTaio- 
luhmh Harpy3KaMH pa3JiHHHOH BejiH^HHbi, npnqeM Kamjxan h3 hhx 6biJia 
6ojibiiie Harpy3KH, cooTBeTCTByioLueH npeAeJibHOMy ynpyroMy coctohhhio 
SajiKH. 

Bo :BpCMH anbiTOB, Kan h panbiue, HBMep'HjiHCb peaKUHH, npOrH)6bI 
H yAJIHHeHHH iBOJIOKOH. 


u 307 

j ^ £02 | 

1 

j i 

' 1 c & ( 




a 

soo- 


- 500 



Ha pHC. 11 noKa 3 aHbi peaynbraTbi onbrro© c 6ajnKoft Ns 9. TeapeTHne- 
OKan npeAeJibHaa HarpyaKa paBHa 


Px = 


5,83 a,T 

l 


= 1105 kz. 


Hp« naBTopHO'M npHJio>KeHHH otoh HarpyaKH nporn6 b ceqeHHH noA cbjioh 
cnepBa aaMerao iBoapacraji, a aareM, nocjre 25 000 noBTopeHHH, KaK tioji- 
HbiH, TaiK h ocTaToq h bi h npo™6bi cTafinjiHanpoBajiHCb. AHajiorHqHaH KapTnna 
nojiyqHJiacb h ajih yAJiHHeHHH KpanHHX hh>khhx bojiokoh b tom me ceqeHHH. 
OnbiT 'Sbiji npeKpameH nocjie 38 300 noBTopeHHH HarpyaKH. riojmoe Boapa- 
cTaHHe nporn6a cocTaBHjio 0,58 mm, hjih 0,97% ot npor«6a npH nepBOM 
Harpy^eHHH. ZIjih ocTaioqHoro npornOa — cooTBeTCTBeHHo 0,60 mm, hjih 
1,79%. OrHOCHTejibHoe yAJiHHeHHe yB'ejinqHjiocb Ha 0,125%, hjih Ha 0,93% 
no OTHOHI6HHK) K yAJIHHeHHK) BpH HepBOM H arp yjKCHH H , a OCTaTOqHOe yAJIH- 
Henne _ Ha 0,14%, HJIH Ha 1,23% no oxHOiueHHio k nepBOHaqajibHOMjy 
ocTaToqHOMy y/yiHHeHHio. BbiJin xaK>Ke nocTpoeHbi AHarpaMMbi yAJiHHeHHH, 
peaiKUHH h MOMeHTOB, KOTopbie 3j\eeb He hphboahtch. Bee sth AHarpaMMbi 
aHajiorHqHbi AHarpaMMaiM npn oAHOKpaxHOM (npHjroHceHHiH HarpyaKH. 

Ha pHC. 12 h 13 noKaaaHbi peayjibTaxbi onuxa <c SajiiKOH JSTs 10. Teope- 
THqecKan npeA^Jibnan HarpyaKa Pr = 1120 kb. HarpyaKa, cooTBeTCTBy ioiii, an 
npeAeJiy ynpyron pa6oxbi 6ajiKH, P s = 620 kb. 

nepiBan cxyneHb Harpy3KH P = 900 kb P s . KaK noKaabiaaioT Ana- 
rpaMMbi, npn khjkaoh CTynemi Harpy3KH, b tom hhcjic h /npn npeAeJiMOH 
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narpy3«e, nocjie 20 000 — 25 000 noBTopeHHH HaSjnoAajiacb hcho BbipaweH- 
Haa CTa6HJiH3auHH AecjiopMauHH. nocjie 114 000 noBTopeHHH Harpy3Ka 6bma 
yseJiHHeHa ao 1200 kz , hto Oojibine npeAeAbHOH Harpy3KH Ha 7,1%. flpH 
3TOH Harpyane raiOKe Hanajiacb CTa6.HjtH3au.HH Ae4»opMaii.HH nocjie 150 000 
noBTopeHHii Harpy3KH, ho 3aTeM Ae^opMamm Hanajm CHJibHo B03paciaTb, 




ji nocjie 171 000 noBTopeHHH b 6aj\m o6pa3GB.aJiacb TpeiUHHa y oahoto 
HH>KHero pe6pa, b6a«3h ceneHHH, b kotopom npHKjiaAbiBajiacb Harpy3Ka. 

06pa3OBaHHe TpemHHbi o6t> hch He tc h ycTajiocTbio MeTajwia. TpemHHa 
ycTaAocTH nojiyHHjiacb npn c p a b h HTejibHo hgCojimiiom AHCJie noBTopeHHH 
HarpyaKH, ho npn secbMa 3 h an h tcji bH oh Harpy3Ke, npeBbimaiomeH CTa-ra- 
HecKyio npeAejiLHyio HarpyaKy. Ha pnc. 14 h 15 noKaaaH BHeuiHHH bha 
TpemHHbi, a Ha p'hc. 16 — ceqeime o6pa3ua b hsjiomc. B jicbom hh/Khcm 
yrjiy HCHO BHAHa 30 Ha TpemHHbi C M e JI‘KO'3ep H HCTOH CTpyKTypOH. B OCTajIb- 
Hoft qacTH ceneHHH cTpyKTypa KpynH03epHHcraH, He CBOHCTBeHHaH MancoH 
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cTpoHTe ji b h oh cTajiH. JXo nojiHoro HSJioMa 6aji,Ka 6bijia AO'seA^Ha cTanme- 
ckhm h 3FH'6 qm. Ora thh ecKH h hqjiom TOH >Ke 6ajiiKH b Meere, yAajieHHOM ot 
M ecTa TpemuHbi, noKa3aji xopomyio MejiK03epHHCTyio CTpyKTypy. MTo6bi 
cjrooMaTb -6aji'Ky, npHiujiocb cAejiaTb a B a HaApeaa, Eme oahh hbjiom, ejxejian- 
TT biH b 6 jih 3 h MecTa TpemuHbi, noKasaji ( KpynHQ3epiHHCTyio crpyKTypy. TaKHM 



Phc. 14. 

06 pa 30 M, JIHCT CTSJIH, H3 KOTOpOIX) H3rOTOBJieHbI OnbITHbie daJIKH, HMeeT 
BecbMa HepaBHOMepHyio CTpyKTypy. 

HcnbiTanHH 6ajiOK boibtophoh HarpysKOH 
necKOH npeAejibHOH Harpy3Ke ruiacTH- 
necKne Ae(})opMauHH 3aTyxaiOT aobojib- 
ho 6biCTpo h Bejm^HHa Kaic nojiHoro, 

TaK h ocTaToraoro nporn6a cpaBHH- 
TejibHo HeBejiHKa. 


Phc. 15. 

H c in bi t a h h h a© y x n p o ji e t h bi x 6 a ji o k noa&H}KHOH 

Harpy 3 iK oh 

HcnbiTaHHH npoH3BOAHJPHCb oAHHOTObiM rpysoM, KOTapbiH nepeMemiajicH 
no SajiKe cjicbb nanpaBo h b o6paTHOM h a np a b jie hjj h . MamnHa aj in ncnbi- 
TasHHH ckohctp v h poB a h a Ta*K, HTO rpy3 nepeMemaeTcn no 6ajiKe He Henpe- 
pbiBHo, a Ka<K 6bi oKanKoo6pa3HO, t. e. nocjie h arpy^KOHHH b oahom ceneHHH 
rpy3 npnnoAHHMaeTCH h b n p h n o ah h to m coctohhhh nepeMemaercH b cjie- 
Ayiomee cenenHe. npn bbtoim a th h ec ko m inepeMemeHHH rpyaa HHTepBajibi 
Harpy>KeHHH cocTaBJiniOT 1,4 mm, npn 3tom cxopocTb nepeMemeHHH rpy3a 
paBHa okojio 13 mm/muh. npn nepeMemeHHH rpy3a BpynHyio HHTepBajibi 
MoryT 6biTb jno6bie. TaK KaK npn kb>kaom nojio>KeHHH rpy3a Heo6xoAHMo 
6bijio np0H3B0AHTb OTcnera no npn6opaM, Ha hto Tpe6oBajiocb HeKOTopoe 
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BpeMH, to Harpy3Ka b k3>kaom ceneHHH npHKjia/iwBajiacb HecKOAbKo 
(a O 20) pa3. 

Bo BpCMH onbITOB, Ka>K H JipH HCTIblTclHHlHX '6ajIOK BOA A^HCTRHCM CTaTH- 
^ecKOH h noBTOpHOH Harpy30K, H3MepHjiHCb onopHbie peaKUHH h npornObi. 
Pa 3 rpyaxa nocjie KajKAoro Harpy>KeHHH nosBOjinjia H3MepHTb oct aTOH h bie 
peaiKixH h h nporH'Sbi. 





HcnbiraHbi abc SajiiKH, Ks 5 h 7, npn HHTepBajiax HarpyJKenHH qepes 
25 mm h OAHa 6ajTKa (N° 6) — npn HHTepeajiax 1,4 mm. Baji«a N° 5 Hcnbi- 
TbiBajiacb npn HeTbipex CTyiieunx Harpy3KH: 

P s = 618 kz, /n = 3,21 (npeueA ynpyroft paOoTbi 6aAKn); 

P= 964 kz, m = 5,00; 

P r = 1125 kz, m = 5,83 (npeAeAbHan Harpy3Ka); 

P= 1300 KZ= 1,155 Pr. 

npn P s = 618 kz OaJiiKa ncnbiTbiBajracb toabko npn oahqm npoxowAe- 
hhh rpysa cAe»a HanpaBO. Ha pnc. 17 npHaeAeHbi ooibiTHbie h TeopeTHue- 
OKHe AHHHH BAHHHHH pea.KU.HH H npOTHOOB. OnbITHbie AHHHH BAHHHHH TipO- 

th6ob HMeioT HeoKOAbKo OoAbuiHe opAHHaTbi no cpaBHeHHK) c Teoperaue- 
CKH'M h (npHMepHo Ha 0,2 mm), a TaK>i<e HMeiOTCH onopHbie opAHHaxbi, mto 
o6l>HCHHeTCH ynpyTOH OCaAKOH OnopAHHaMOMeTpOB. EcAH HCKAlOHHTb BAHH- 
HHe ocaakh anop, to connaACHiie onbiTHbix h TeopeTHueoKHX ahhhh bahhhhh 
6yAeT OMeiib xopotuce. BnoAHe xopomee coBnaAOHHe noAyuHAOCb h aah 
ahhhh bahhhhh onopHbix peaKUHH, KpoMe npaBOH b€tbh peaKUHH A, rue npH 
M3A0M aScOAIOTHOM p AC X05K A&HH H OTHOCHTeAbHaH OUIH'SKa Cp3BHHT€AbHO 
BeAKKa. 

HeoSxOAHMO OTMeTHTb, HTO 3TH AHHHH BAHHHHH, IK3K H BCe nOCAeAVlO- 
mne, OTAHHaiOTCH OT 06bIHHbIX AHHHH BAHHHHH TeM, HTO OHH nOCTpOeHbl 
AAh HarpyaKH, He paBHOH eAHHHue. 

BblAH T 3 K>K€ nOCTpOCHbl OnblTHbie H TeOpCTHHCC'KHe AHHHH BAHHHHH 
onopHoro h npoAeTHbix momchtob b ceueHHHX 0,4142 l, a TaK>Ke ornOatomaH 
AHHHH npoAeTHbix MOMeHTOB. 3AeCb T3K>Ke nOAyHHAOCb AOCTaTOHHO xopo- 
mee coBnaaeHHe onbiTHbix h TeopeTHueoKHX ahhhh, ecAH He yuHTHBarb pac- 
XOJKAeHHH AAH npaBOH BeTBH OnOpHOTO MOMeHTa, HTO HaXOAHTCH B COOT- 
BeTCTBHH C yKa'3aHHbIM Bbliue paCXGHCAeHHeM AAH npa.BOH BeTBH peaKUHH A. 

HcnbiTaHHe npn Harpy3Ke, cooTBeTcreyioiueH npeueAy ynpyrofi paOoTbi 
6aAKH, npOH3BeA6HO C UeAbKD npOBepKH MeTOAHKH HCnbIT3HHH H BbIHCHeHHH, 
b k3koh Mepe onbiTHbie AaHHbie corAacyioTCH c TeopeTHuecKHMH. Pe3yAb- 
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TaTbi HcnbiTaHHH, xax onncaHO fibiiue, nO'XasajTH AOcraioviHo xopomee cob- 
naoieHHe onbiTHbix h TGopeTHHecxHx ^aHHbix. 

npH cneayiomefi eryjieHH Haipy3xn (P = 964 tee) HcnbrraHne cAGJiaHo 
n PH 10 IipOXOiKAGHHHX HappyaKH (nHTb IKWJHblX UHXJIOiB) . npH 3TOH 
Harpy3Ke b 6ajiKe y>xe Ha6jiK>A2JiHCb njiacTHHecxHe AG(j)opMauHH. JIhhhh 
RJIHHHHH AAH npOTHSOB, peaKUHH H MOMeHTOB, HOCTpoeHHbie AJIH IlOCJieAHGrO 




UHKJia Harpy3KH, KOTOpbie 3AGCb He npHBOAHTCH, HMeiOT nOHTH T3KOH >xe 
BHA, 'KAK H npH npeAbiAymefi Harpyaxe, hto o&bHCHsreTCH ,xax othoc h reji bh o 
HeOOAbUIOH BejIHHHHOH llJiaCTHHGCXHX AG(j)OpMaUHH, TaK H Harpy>KeHHeM Ha 
npOTHH<eHH« BOCbMH IipeAblAymHX npOXOJXAGHHH Harpy3iKH. 

KapTHHa peaxo H3MeHHj]iacb npa JiepBOM npoxo>KAGiHHH reopeTHHec/KOH 
npeAGJibHOH HarpysKH A =1125 kb. n P H stoh Harpyaxe, xax noxasaHo 
Bbiiue, npH v = 0,252 TeopeTHHeexn o6pa3yeTCH nojiHbift njiacTHHecxHii iuap- 
HHp b ceqeHHH no a rpysoM, a npa j? = 0,4142 Taxon >xe mapHHp o 6 pa 3 yeTca 
h b onopHOM ceqeHHH, hto cooTBeTCTBy eT npeAGJibHOMy coctohhhio 6ajixH. 
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Ha pHC. 18 noKa 3 aHbi onbirahie jihhhh bjihhhhh inpornOoB b ceneHHHx 
0,4142 / ot KpaHHHX onop aah jreBoro h npaiBoro npojieTOB. Ha BepxHeM 
pHcyHKe AaHbi nojiHbie nporn6bi, Ha HHXCHeM — ocxaxonHbie. yxoJimeHHbiMH 
JIHHHHMH nOKa3aHbI J1HHHH BJIHHHHH npH nepBOM npOXO^KA^HHH rpy3a CJieBa 
HanpaBO. B iBepxHefl nacxii inyHixmpoM noxasaHa jihhhh bjihhhhh ynpyroH 
Hacra nporHSa npH nepBOM n poxoxAeH h h rpyaa, nojiyqeHHaH Kax pa3Hocxb 
HBMepeHHbix onbiTHbiM nyreM nojiHbix h ocxaxonHbix nporH6oB. Kax bhahO', 
sth jihhhh nojiyqajiHCb TaKHMH, xaxHMH ohh aojihchh 6btTb XTpii ynpyron 
pa6oxe OaJiXH; hx opAHHaxbi ajih npornOoB b jugbom h npacBOM npojiexax 
nonxH coBnaAaiOT, nxo CBHAexejibcxByex o AocxaxonHOH cxeneHH xohhocxh 
H 3MepeHHH Ae^opMa'UHH Ha npoxH>xeHHH onbixa. 

MaKCHMajibHbiH npornfi b jieBOM npojieTe inoJiynHjiCH 4,5 mm, npmeM 
ynpyran nacxb npornOa cocxaBjmjia 2,5 mm, a ocxaxoHHaH — 2,0 mm. 
B npaBOM npojiexe ynpyrnfl npornfi Taxon >xe, xax h b jicbom, a nojiHbiH 
h ocxaxoHHbiH — MeHbuie. 3xo o6bHCHHexcn xeM, nxo npn ofipa30BaHHH 
b jieBOM npojiexe njiacxHnecxHx Ae(j)opMauHH, b npaBOM npojiexe nojiynHjicn 
oxpHuaxejibHbiH ocxaxoqHbiH ynpyrnn nporn6, yMeHbuiHBiHHH nojiHbiH npo- 
th6 npn Harpy>KeHHH b npaBOM npojiexe. OcxaTOHHbiH ynpyrHH npornS 
b SaJixe HMeex MecTO, iKohchho, xojibKO ao xex nop, noxa ftajuxa aaxpenJieHa 
Ha onopax. 

nocjie nepBoro npoxo>KAeHHH rpyaa caobb HanpaBO 6ajixa Harpy^xajuacb 
xoh >xe noABH>KHOH Harpy3xoa erne 33 pasa. Tbkhm o6pai30M, acero 6bijio 
17 uHtKjiOB h a rp y > k*©h h h , cqnxaH oahhm uhxjiiom nojiHoe npoxo>xAeHHe rpysa 
cjieBa HanpaBO h b oOpaxHQM h a np a® JieH h h (Ha pHC. 18 jihhhh bjihhhhh, 
oxHocnmnecn k abh>k€hhihm rpyaa cnpaBa HajieBO, oxMeneHbi uKc})paMH co 
IHTp HXOM ) . 

y>xe npn nepBOM o6paxm>M npoxo)XAeHHH rpy3a jihhhh bjihhhhh npo- 
th6ob (T) b o6ohx npojiexax pe3xo H3MeHHJiH cboh bha no cpaBHeHHio 
c nepnbiM npHMbiM npoxoxAeHHeM h cxajin TaxnMH >xe, xax npn ynpyroH 
pa6oxe OajixH, ho cABHHyxbiMH oxHOCHxejibHO nocjieAHHx Ha ©ejiHHHHy 
ocxaxoHHOxo nporixOa. Ecjih oxcqnxbiBaxb opAHHaxbi jihhhh bjihhhhh 
OT JIHHHH, COOAHHHKHnHX BepiHHHbl OHOpHblX OpAHHaX, TO paSHHIXa OpAHHaT 
jihhhh 1' h jihhhh ynpyrax nporn6oB cocxaBjinex Bcero jinuib 2 — 4%. 

riocjieAyiomHe npoxox<AeHHH rpy3a He H3MeHHJiH xapxHHy, x. e. jihhhh 
BJ i'HHHHH nporn6oB coxpaHHAH BHA JIHHHH bjihhhhh npn ynpyroH pafiOTe 
6aJIXH, HO C HefiojIbUIHMH XOJieSaHHiHMH B BejIHHHHaX qpAHHax, HpHHeM 3XH 
xone6aHHH nocTeneHHO yMeHbiuajiiHCb, nxo roBOpHT o 6bicxpoM aaTyxaHHH 
HapacxaHHH oct a toh h bi x Ae4 ) °P MaU ' H ^’ 

npn mecTOM np ox o >k Ae hhh HarpysxH 6bijia AonymeHa cjiynaHHaH nepe- 
rpy3xa, xorAa rpy3 HaxoAHAcn b npaBOM npojiexe. llpn sxom npoxo>KAeHHH 
nporn6bi He H3MepHJiHCb. npH cjieAyioiAeM, ceAbMOM npoxo>KAeHHH Harpy3XH 
Hi3MepeHH*e npornSoB noxaaaAo iBoapacTaHHe nx b npaBOM npojiere (pnc. 18), 
Bbi 3 BaHHoe ynoMHHyTOH neperpy3xofl. riocjieAyiomHe npoxo>KAeHHH Harpy3xn 
xax>xe, xax h ceAbMoe, HecMoxpn Ha paHee AonymeHHyio neperpy3xy, noxa- 
3aJIIH, HXO JIHHHH BJIHHHHH nporinSoB COXpaHHIOT BHA JIHIHHH BJIHIHHHH HpH 
ynpyroH pai6oTe 6ajitKH. 

Ha pnc. 19 noxasaHhi onbixHbie ah hhh bjihhhhh onopHoro h npoAex- 

HblX MO'MeHXXD© ( M c H Mi j T ) H OrH’6aK>ma5I npOAeTHblX M'OMeHTOB ( Mp ) 
np-H npoxoH<A^HHHx 1 h V npeA^JibHOH Harpy3KH. BbipaBHHBaHHe MOMenxoB, 
xaxHce xax h npn cxaxHnecxoH Harpy3xe, He nponcxoAHX. OnopHbin 
MCMeHT HecxoAbxo MeHbuie npeAenbHoro, a npojiexHbiH — HecxoAbxo 
6cAbHie. rtpH o6paTHO-M npOXOJKAeHHH (1') AHHHH BJIHHHHH MO-MeHTOB yHCe 
npHo6peAH BHA Taxon >xe, xax npn ynpyroH pa<6oTe, ho c onopHbiMH qpOT- 
HcITaMH, COOTBeTCTByiOmHMH OCXaTOHHblM MOMCHTaM. 

npH HOCJieAyiOIUHX npOXOHOieHHHX TaXOH BHA JIHHHH BJIHHHHH MOMeH- 
TOB COXpaHHAOH (pHC. 20; i3AeCb H306paH<eHbI AHIHb AHHHH BJIHHHHH AA^ 
HecxoAbxnx npoxoH^A^HHH, qxo6bi He aaxeMHHXb pncyHOx). GonocxaBAeHHe 
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OriblTHblX JIHHHH iBJMHHHH MOMCHTOB C TeopeTHHeOKIlMH (pHC. 5 H 6) IlO'Ka- 
3bi,BaeT yAOBjiieTBop'HTejibHoe oorjiacoBaHHe hx b KaqecTBeHHOM OTiiomeHUH. 
OnbiTHbie ocraTOTObie momchth riojiyqHjiHCb aaMeTHo MeHbiue TeopeTme- 
CKHX, Ka»K 3TO HMejIO MeCTO H TIpH HCIIblTaHHH CTaTHBeCKOH Harpy3iKOH 
(pHC. 9). 

nocjie HcnbiTaHHH TeopeTiiHecKDH npeAejibHOH Harpy 3 KOH HcnbiraHHe 
npoAOJimajiocb nppi Harpy 3 Ke P= 1300 /ca, KOTopan Ha 15,5% Bbirne npe- 
AejibHOH narpysKH. flpH nepBOM Harpy>KeHHH npornfibi pe 3 KO B 03 pocjm, 


CM 



a npn nocjieAyiomHx npoxoMAeHHnx HaMem/iacb CTa6HjiH3aiu,HH nporaOoB, 
H JIHHHH IBJIHHHHH npOrH6oiB OnHTb npHOSpejIH BHA JIHHHH BJIHHHHH ITpH 

ynpyroft paiOoxe. 

Ha pHC. 21 noKa3aiHo HBMeHeHBe m aiKCHM ajibHbix npornfioB o6ohx npo- 
JieTOB B 3 a.B HCH MOCTH OT HHCJia AHJKJIOB HarpyBKH. Ha 0TOM pHCyHK© He 
VHTeHbi nepBbie 10 npoxoncAeHHH npn HairpysK© 964 kb, nocjie KOTOpbix 
MaiHHHa Sbijiia ocTaHOBjieHa Ha HecKOjibKo AHe# ajih peMOHxa. 

BTOpan 6ajixa, Nq 7, 6bijia HcnbiraHa cpa3y boa aghctbh€m npeAeJibHOH 
TeopeTHqecKoft Harpy3KH, paBHofi 1120 kb. XapaKTep jihhhh bjihhhhh npo- 
rH6oB HpH nepiBOM n p 0 xotk ag h hh HarpyaKH ranofl >kc, KatK pjtsi Sajixn Ns 5, 
ho BejiHHHHbi nojiHoro h ocTaxoHHoro nporH6oB 3HaHHTejibHo 6ojibiue. noji- 
Hbift nporaS b jieBOM npojieTe cocxaiBjinji 10,5 mm bmocto 4,5 mm ajih SajiKH 
Ns 5, a ocTaTOHHbiH — 8,0 mm BiMecTo 2,0 mm. ynpyrne qaerH npom6oa 
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AJih o6enx OajiOK oAHHaKOBbie. TaKoe pa3jiHHHe b BejiHHHHax ripornOoB 
o^HHaKOBbix 6 ajiOK npH oAHHaKOBoft Harpyaxe oieAyeT o&bsscmrrb TeM, nro 
fiajiKa JNTo 5 ao Harpy»:eHH 5 i npeAeJibHOH nanpyaHO'H noAjBeprajiacb »,TpeHH- 
poBxe“ — o 6 xaTKe MeHhuueH HarpyaKoft, ho Taxsce Aaiomefi njiacnmecKHe 
Ae(J)QpMaii|HH, a dajixa Ns 7 cpaay H-arpyxcajuacb npeAeJibHOH HarpyaKofi. 

rip'H nocAeAyioiUHx upoxoxmeHHHX npeaejibHofi HarpyaKH npornGbi 
6bICTpO CTa6HAH3HpOBaJIH'Cb H JTHHHH BJI'HHHHH npOHiGOB TIOJiyMHJIH BHA 
, ; ynpyrHx“ jihhhh bjihahuh. 


~ Mk? cm 



Phc. 20. 

Cra 6 HJiH 3 aixH 5 i npo-raGoB Ha 6 jM>Aajnacb h npH AajibHefimeM HcnbiTa.H i HH 
yBejrHHeHHOH HarpyaKOH ib 1200 kb , htto cocTaiBJineT 1,07 npeAOJibHOH 
HarpyaKH. 

Ha pHC. 22 noxa 3 aHO H3MeHeHHe nojiHbix h ocTaTOWbix npornooB ajih 
oGqhx npojieTOB ib 3 a bhc h m oc th ot racna uhkjtob HarpysKH. Bee KpHBbie 
hcho noKa 3 biBaioT GbicTpoe 3aTyxaHHe HapacTaHHH npornOoB Aa>Ke npH 
HarpyaKe, Gouibwefi npeAeJibHOH Teopera^ecKOH HarpysKH. 
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Bajixa Ns 6 TaiiQKe HcnbirbiBaunacb cpasy npeAejibHOH Harpyaxoft. Eojiee 
nacToe Harpy^eHHe (qepe3 1,4 mm ) npHBejio k 6ojiee Me/yieHHofi cTa6njiH- 
3auHH Ae^opMauHH — nocjie 25 npoxo^eHHH Harpy3KH BMecTo 3 — 5 npo- 
xokachhh npn .Harpy^KeHH'H qepes 25 mm . 

HcnbiTaHHH jByxnpojieTHbix <6ajK>x npHMoyroJibHoro ceneHHH noixaaajiH 
cjjeAyiomee. 



4ucuo .uukj7gS naept'sxit 
Phc. 21 . 


1 . Ilpn craTHTOCKOM h arpy >X€h h h b bip aBH kb a h n*e mom€Htoib hc nponc- 
xoaht. npn nepexoAe 3a npeAeji ynpyrofi paSoTbi Saji'KH B 03 paeraHHe npo- 
jieTHoro MOMeHTa 3aMeAJineTCH, a onopHoro — vcxopneTCH. MoMeHTbi hbh- 
MeHee oiynmaiOTCH Apyr ot Apyra npn ! Hanpy3xe, npeBbiuiaiomeH TeopeTHqe- 
cxyio npeAejibHyio HarpyaKy. 

ZtHarpaMMbi Ae^opMaunn (nporH'SoB h yAJiHHeHHH xpafiHnx bojioxoh) 
lie HMCKxr peaxHx H 3 JIOMOB npH TeopeTH^ecKOH npeAejibHOH Harpyaixe. Ha 
npoT5i>KeHH ( n Bcero npouecca y np y ro nji acTH'qecKofi AecjxjpMauHH AHarpaMMbi 
HMeiOT n.aaBHbiH xapaKTep, 3aipyAH5iiomHH onpeAeJieHne npeAeJibHoro coctoh- 
HHH 6ajIKH. 

2 . npH noiBTOpHOH Harpyaxe, npeBbiHiaiomefi Harpyaxy npeAeJia ynpy- 
roil pa j 6oTbi 6ajixn, nponcxoAHT saTyxaHHe njracTOxecxHx Aec^optMauBH, 
h Sajiixa Aajibiue pa6oTaeT xax ynpyran. 3aTyxaHne Ae 4 >opMauHH nponcxo- 
Aht He TOJibKo npH Te op eTHH ecxon npeAejibHOH narpyaxe npn era th neoxo m 
H arpyx<eHHH, ho <h npn Hecxojibxo 6ojiMHeft Hanpyaxe. npeABapxTejibHoe 
Harpyx<eHHe noiBTOpHOH Harpy3xon MeHhuie npeAejibHOH ,„TpeHnpyeT“ 6ajixy 
h npH nocjieAyioiAeM Harpy>xeHHH npeAejibHOH noBTopHoft Harpy3xon yMeHb- 
niaeT nporn6bi Sajiixn no cpaBHeHHio c nporn6aMH npn noBrropHOM Harpy- 
JKeHHH 6ajifKH cpa3y npeAejibHOH Harpy3(xon. OpH inpeABapHTejibHOH TpeHH- 
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pyromefi Harpy3Ke 6aji«H M> 10 nojmbiH h ocTaTovnbiH nporwSbi nocjie 
114 000 noBTopeHHH Harpy3KH (hs hhx okojio 56 000 npn npeaejibHofi Ha- 
rpyaxe) cocraBHjiH 5,03 mm h 2,57 mm . 6ajiKH N° 9, KOTopan HcnbiTbi- 
BaJiacb cpa3y npeAejibHoft HarpyaKOH, nocJie 38 300 noBTopeHHH Harpy3KH 
nporaObi cocTaBHjiH 6,50 mm m 3,96 mm . Ta«HM o6pa30M, ajih SajiKH ,Nb 10 
nponiQbi M'OHbuic Ha 23% h Ha 35%. 



Phc. 22. 


3. npn hoabh/khoh Harpy3K.e, paBHOH TeopeTHHecKofl npeAejibHOH Ha- 
rpyaKe npn OAHOKpaTHOM ct ara hc ckom HarpyjKeHHH, y>«e npn BxopoM npo- 
xojKAeHHH HarpyaKH 6ajiKa pa6oTaeT «aK ynpyran. riocjieAyioiUHe npoxo- 
^Ughhh aarpy3KH yB e ji h hub a k>t ocraTO^Hbie AG(J)opMauHH h e3 h an ht e ji l h o , 
h nocjie He6ojibmoro HHCJia npoxo^eHHH HarpyaKH HapaeraHHe ocTaToq- 
Hbix A'^opMan,HH npexpamaeTCH. Ilpn Harpyaxe, Hecxojibxo npeBbimaiomeH 
TeopeTHTOOKyio npe^eJibHyio Harpyaxy, Taioxe npoxcxoAHT fibicrpoe 3axyxa- 
HHe ocTaTOHHbix Ae(J)opMai;HH, h npn noBTopHbix npoxo>KAeHHHx Harpy3KH 
6ajixa paSoraeT xax ynpyran. 

ripe^BapHTeJIbHafl TpeHHpOBKa 6aJIKH IIOBTOpHblMH npOXOH^AGHHHMH 
narpy3KH MeHbrne JipeAejibHOH Harpy3XH 3HaHHTejibHO CHH^xaeT nojiHbie 
h ocTaxoHHbie Ae^opMauHH 6ajiKH, xax h npn HcnbixaHHH hobtophoh 
Harpy3Koft, rTpHiKjia^biBaeMOH b oahom h tom ate Mecre. 

3. Pe3yjibTaTbi onbiToe c 6aJixaMH AByTaBpoBoro ceneHHsi 

Ha pHC. 23 noKa3aHO ceneHHe onbrTHbix AByraBpoBbix 6ajiox. PaaMepbi 
ceneHHH OTAejibHbix 6ajiox hm€jih HeSojibinne OTKJioHeHHH ot pa3MepOB, 
npHBeACHHbix Ha pnc. 23. 

Tax >Ke Rax h 6aJiXH npHMoyrojibHoro ceneHHH, AByTaBpoBbie 6ajiixH 
HcnbiTbiBajiHCb craTHHecKOH (oAHonpojieTHbie h AByxnpojieTHbie 6aAxn), 
noBTopHofl h noABHHCHOH xarpyaxaMH. 

HcribiTaHHH AByxnpojieTHbix oajiox cTaTHnecxofi cocpeAOTOHeHHOH Ha- 
rpyaxoH b oahom H 3 npojieTOB He noxasajiH KaxHx-jiHSo oco 6 eHHOCTeH no 
cpa.BHeHHio c HcnbiTaHHHMH 6 ajK>x inpHMoyroJibHoro ceneHna. 

JtHarpaMMbi A^opiMaunfi He HMeiOT peaxnx hsaomob, xoropbie noaiBo- 

95 


Sanitized Copy Approved for Release 2010/04/21 : CIA-RDP80T00246A032500880001-4 


Sanitized Copy Approved for Release 2010/04/21 : CIA-RDP80T00246A032500880001-4 


jihjih 6 hi onpeAejMTb npeAejibHyio HarpyaKy. BbipaBHHBiaHHe mombhtob 
T aKJKe He nponcxoAHT. Momchtw Ha«MeHee o tjihh a k>t c h Apyr ot Apyra npH 
Harpy3jce, HecKojibKo ScuibHieH, hcm TeopeTmecKasi npeAejibHaa Harpyana. 

HcnbITaHHH nOBTOp HOH Harpy3KOH A3AH T3KHe >Ke pe3yjibTaTbi, K3K 
h HcnuTairiiH 6ajioK np a Moy rojibnoro ceneHiHH. HetibiTanbi ABe Saji'KH 
(JNTa 8 h 9). BajiKa N° 8 cpaay HcnbrrbiBaJiacb narpysKOH P T — 1300 kz , 
paBHofi TeopeTHBecKoft npe- 
AejibHoft Harpy3Ke. Harpy3- fm 

Ka npHKAaAbiBaAacb b npa- 7 \ 

bom npojieTe, Ha paccTOH- 
hhh 0,4142 l OT KpaHHeft 
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Phc. 23. 


jULT \ 

Phc. 24. 


Ha pHC. 24 npiHiBe^cHbi AnarpaMiMbi npornSoiB b 3 asnc hmocth ot 'rucjia 
noBTQpeHHH Harpy 3KH. 3 th AHarpaMMbi hcho inoKasHBaiOT CTa6HjijH3auHio 
^e(J>opMaiUHH nocjie 15 000 noBTOpcHHH HarpyaKH. Ilocjie 25 000 noBTOp chhh 
6 biJia cjiynaHHO AonymeHa nedojibiua^ neperpyaKa, ho Ac^opMaiuiH onHTb 
6 biCTpo CTa 6 HJiH 3 HpoBajiHCb. ,Zl,ajiee Harpy3Ka 6biJia yBejinqeHa ao 1400 Ka, 
hto cocTaBjiner 1,07 ot TeoperH^ecKOH npeAOJibHOH HarpyoiKH. OnbiT Sbiji 
npeKpameH nocjie 58 500 noBTOpeHHH Harpy3KH, xoth nojiHaa CTa6HjiH3auHH 
Ao^opMaiiiHH em,e He HacTynnjia, npn npeAejiibHOH HarpyaKe P T = 1300 tze, 
nooie 43 000 noBTOpeHHH Harpy3KH, nojiHbra npornS nojiyrajica 5,03 mm 
H OCTaTOHHblH 3,14 MM. 



B Top an 6ajiKa, N° 9, HcnbiTbraajiacb c npeAB-apHTejibHOH TpeHHpo© koh 
H arpyaKaiMH, AaiomHMH njiiacTHTeoKHe Ae4>opMaatHH, ho MeHbiiiHMH, neM 
TeopeTHqecKaH npeAGAbHan iHarpy3Ka. jjjifl a^hhoh 6ajiKH HarpyaKa npeABJia 
ynpyroH paiSoTbi P s — 911 Ke, npeAOJiibHaH Harpy ana Pj = 1340 Ke. npH 
ncnbiTaHHH npHHHTbi cTyneHH HarpyaKH 1000, 1100, 1200, 1300, 1400 

h 1500 Ke (phc. 25). BcJieACTBHe npeABapHTejibHOH TpeHHpoiBKH, KaK h ajih 
6aAOK npHMoyrojibuioro oeneHHH, inporaSbi h yAAHfleHHfl bqjiokoh nojryra- 
jiHCb MeHbUie, HeM JXJM 6ajiKH Ns 8, HcnbiTaHHOH 6e3 npeABapHTejibHofi 
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TpeHnpoBKH. npH Harpy3Ke 1300 K8, hto Ha 3% MeHbme npeAejibHOH Ha- 
rpy3KH, nojiHbiH h ocTaTOHHbiH nponiSbi, nocjie 45 430 noBTOpeHHH Harpy3Kn 
cocTaBHJiH 2,88 mm h 1,17 mm , hto MeHbme nporaSoB aah Saji'KH Nq 8 Ha 43 
h 63%. npH Harpyaice 1400 ks (1,045 or npe^jibHOH HarpyaKH) npo- 

ruSbi nojiyq'HJiHCb MenbuiHMH, qeM npornObi 'Objikh N° 8 n;pH npeAejibHOH 
HarpyaKe; ohh cocTa>BHjiH 3,45 mm h 1,59 mm ibmccto 5,03 mm h 3,14 mm , 
t. e. <6biJi;H Ha 31 h 49% MeHbme. 

TaiKHM oOpaaoM, npeABapHTejiibHaH TpeHHpoRKa 6ajioK MeHbmeH Harpya- 
koh npn AByTaBpoBOM ceneHHH AaeT 6ojibmee CHHTKeHHe nporH6oB, qeM npH 
npHMoyrojibHOM ceqeHHH. OcTaTOMHbie npornSbi cHH^aioTCH b OojibmeH ere- 
neHH, qeM nojiHbie. B tbOji. 2 npHBeAeHbi 3HaqeHHH nojiHbix, ocTaTOHHbix 
h ynpyrnx npornOoB ajih 6ajiOK npHMoyrojibHoro h A^yTa BpoBoro ceqeHHH. 
Mhcjio noBTOpeHHH Harpy3KH Be3Ae yKa3aHO ot Hanajia onbiTa. 


Ta6jiHua 2 
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0,46 

1,60 


eeweHHH noAHepKHyTbi 3HaqeHHH, otho- 



CHHiHeCH K 

AByM Harpy3xaM (1300 

1300 

45430 

2,8S 

1,17 

1,71 

0,685 

H 1400 Ke) , H3 

KOHX 

OAHa 

MeHbme, 






a npyraa Sojibine npe^ejibHon 
xh 1340 kz. M 3 nooneiiHero 

Harpy3- 

CTOjiOua 

1400 

65200 

3,45 

1,59 

1,86 

0,855 

Ta6jlHUbI BHAHO, 

K3K 

3aMeTHO CHH- 

1500 

116080 

5,31 

3,24 

2,07 

1,565 

maeTCH OTHomeHHe ocTaroHHoro npo- 








FHfia K ynpyroMy npn npeABapuTejib- 

hoh TpeHHpoBKe 6ajioK Harpy3KOH, MeHbmefi, qeM npeAejibHan Harpy3Ka. 
Oco6eHHo 3 to 3aMeTHO a^ih 6ajioK AByTaBpOBoro ceqeHHH, rAe 3 to OTHome- 
HHe Aa>Ke MeHbme eAHHHUbi. 

HcnbiTaHHa AuyxnpojieTHbix 6 a ji o x iiojibhxhoh 

HarpysKoft 

HcnbiTaHbi ^Be Sajixn, JSfo 7 h 6. Pokhm ncnbiTann 5 i Sajiox ABVTaBpo- 
earo c enema -6biji: Hecxa/ibiKo HSMeneH no cpaBHeHHjo c 'gajixaMH npsiwo- 
yrojibHoro cenema; HHTepBajibi HarpyweHHH cocraBjiajiH 1,4 mm (aBTOMa- 
THnecxoe nepcMcmeHHe narpy3XH) BMecTo 25 mm ajlh 6a;ioK npaMoyrcuib- 
Horo cenenna (nepeMemeHHe Harpy3KH BpyqHyio). Taxne yaroBna Hcnbira- 
hhh MeHee 6naronpHHTHbi ^jih Sajixn, Tax xax Harpy3xa, flaKsmaa njiacrn- 
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qecKHe AecjJopiviauHH, npHKjiaflbiiBaeTca b Sojimiicm MHCJie ccneiinii fia.iKH. 
ji noTOMy nojiHbie 11 ocTaTonHbie nponi6bi AOA>KHbi nojiyMiiTbCH SoJibiuiiMii. 
OnbiTbi noA'i'BcpAHJ'H 3 to npeAno.no>KeHHe. npeArioJiarajiocb Taione, mo no 
anajiorHii c CaJiKaMH npnMoyrojibHoro cenenna npw noBTopiibix npoxowAe- 
hhhx narpyi3KH 3 aiyxaime pocra nojnibix h ocxaTOMHbix A«j5opMaunft GyAcr 



Pnc. 26. 


npoHCxoOTTb oHCHb CbicTpo, Hepe3 2—3 npoxo^AeniiH, n hto npeABapnreAb- 
Han TpeHHpO'BiKa 6aj\YM npoxoxcACH hhm h HarpyaKH, MCHbmeft, neivi npeAeJib- 
Han, saivieTHo chh3ht nojiHbie h ocraTOHHbie npomSbi npn .npoxoKAeunnx 
npeAeAbHOH narpyBKH. B AeHcrBHTejibHocTii >Ke oKaaajiccb, mto npenpame- 
Kiie pocra A-e^opMaruiH rrpoHcxoAHT 3HamiTejibHo no3>Ke } nccAe 70—100 
npoxo>KAeHHH Harpy3KH, a npeABapiiTejibHaH TpeanpoBKa fiaJiKn He cini>Kaer 
AC(|)op m a uh h . OCbflcneHHe othx pacxo>KAeiiHH b pe3y. T ibTaTax HcnbiTaniiH 
6aJioK npHMoyroAbHoro h AByTaepoBoro ceneHHH 6yAeT npHbeA^HO Aajiee. 

BajiiKa No 7 HcnbiTbiB-aAacb npeAeJibHOH narpyaKOH 1350 Ka, bhwcjich- 
hoh t e o p e th x i ec k h b npeAnojio>KeHHH OAHOiKpaTHoro Harpy>KeHHfl SajiKM 
b cencHHii 0,4142 / or KpaiiHeH onopbi. HarpysKa, c o o t bc tct B y io^m a n npe- 
AeAy vnpyroft pai6orbi fiajiKH, pa.BHa 922 /ca. Ha phc. 26 noiKasaHbi jihhhh 
bjihhhhh noJiHbix nponrSoe b jicbom h npaBOM npojieTax. nyHKTHpoM noKa- 
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3c'i!ibi Jimuni bjiiihuhji vnpynix nacrca nponiSoB, nojiyqeH«bie Ka« pa 3 H 0 CTH 
oribiTH bix no.iHbix h octri OMHbix nporH6oB. Ha puc. 27 noKaaanbi ^HarpaMMbi 
nu;iiibix n ocraromibix npornGoB b 3aBHCHMociH ot Mucjia npoxo^eHHH 
uarpv3KH. B t c l io h h e nepBbix 12 JipoxoacAeHHH Harpyarca nepeMemajiaeb 
( Kp03 25 npn 3 tom, kbk bhuho H3 pHC. 27, yn<e HaM€MajiaCb CiaOHJIH- 
octmiH npor h oo b. npH ^ajibnefluinx npoxoAvAGHiisix HarpyaxH nurepBaji 
iiarpyxceHHH cocTaBAHA 1,4 mm . npn 3tom nponiSbi HanajiH cnepea saMeTiio 
B03pacTaTb, a 3aieM, nocnc 70 npoxoKmeHHH HarpysKn, pcci hx npcKpa- 
IHJKH. 3lO BIblHO TBK>Ke I!3 pHC. 26, TA^ npHBCAGHbl JlilHH H BAHHHHH npO- 
ii-ioou npn nepBbix 12 npoxwKAGHHHx (ot 1 ao 6 r ) n npn AByx nccAOAHHX 



npoxoHvAeiiHHx (36 h 36 ) . CnepBa nporn6bi b ji-cbom npoACTe -6 burn 3 aMCTHo 
oo.Tbin hm h, M'0 m b npaBOM. 3 TO OfitHCHHeTCH TeM, HTO oribiT HaHHHaJICfl 
c abhmhh rpy3a b jieaoM npojieTc. llocAe npHMepHO 50 n pox o>k ac h h ft 
uaipy3KH npoTiiSbi o6ohx npoAeTOB BbipaBHHAiicb h 3areM ao xonua onbira 
OCT a BAJIHCb npHMCpHO OAHHa'KOBbIMH (pHC. 27). nOAHblH H OCiaTOHHblfi npo- 
rnObi nocjic 72 n p o x o >kac h h h narpysKH cocTaBiijm 8,65 h 6,73 mm b npaBOM 
upo.ieie h 8,72 h 6,90 mm b acbom npoAeie, r. e. 6biAH 3HaHHTeAbno 6oAb- 
umimh, i icm npn noBTopHOTi narpya-Ke. 

BTopaa OajiKa JVb 6 HcnbirbiE-ajiacb c n p gab a p ht g a bH oh t p g h h poB ko h 
H arpv3Ka\iH, MenbUJHMH, mgm npcaejibHaa. nepBaa CTyneiib narpy3KH — 
1000 Ke cooTBeTCTByeT noAHOMy njiacTH-qecKOMy ccctohhhio iioaoik SajiKH* 
BTopaa cryncub — 1200 ^ ipeibH 1328 kz - npGACAbHa* Harpyana! 

Ha pHC. 28 noKasaHbi AnarpaiviMbi nponr6oiB b 3aBHciiMocTH ot l ihca 3 
noBiopCHHii narpv3KH. H p h HarpvjKax, Menbuinx, qe.M npoAGAbHan HarpV3Ka, 
AOCjX)pMaU.HK CraoilJIH3HpOBaAHCb OHGHb 6bICTpO. n P H npCACAbHOH HarpyBKe, 
Hao6opoT, cra^HjiHsauna npomooB naxieTHAacb npHMepHO TOAbKo nocAC 
80 riOBTOpH bIX npOXO>KAGHII H HcirpySKW, npH l ICM npOriiObl OOOTIX npOAGTQB, 
i<ax h npH^ncribrraiiHii Gbakh N° 7, itohth cpaBunjincb. no. T inbie h ocTaToq- 
Hbie nponiobi cocTaBBAH 9,58 h 7,66 mm b npaBOM npoAeie ti 9,12 h 7,20 mm 

B JIG BOM npOACTG, T. O. ObUIH HCCKO/IbKO OOAbUIHMH, MCM AAA 6 aAKH JMb 7, 
HVO oObhchhctca HCCKOAbKo MeifbiUHMH pa3MepaMH ceqeiiHH 6aAKH No 6. 

HpH ^HCTibiTaHHH o 6 eHx 6 aAOK naSAiOAaAHCb npornfibi ne TOAbKo b Bep- 
TP UK a A b} roil riAOCKOCTtf, HO H B rOpPiBOHTaAbHOH. B 06 OHX npOACTaX SoKOBbie 
npornSbi HanpaBACHbi b OAHy CTopoHy. KpoMe topo, noAymiAHCb HeOoAbUioe 
CKpvHHBaHHc 6 aA 0 K h nepeKOCbi ceqcHHH B cpeAHHX yqacTKax o6ohx npoAe- 
TOB. n P H HCIlblTa MHH ABVTaBpOBblX 6 aAOK PTOBTOpHOH Harpy 3 KOH SOKOBblG 
nponi 6 bi pa,K>Ke h a f) a k>a a ah c b , ho BccbMa HeaHaHHTeAbHbie. npH craTHnecKOH 
>kc Harpv3*Ke n npn HcnbiTaHHH 6 aAOK npHMoyroAbHoro cchchhh noBTOpHOH 
n noABPi>KHO'H Harpy 3 KaMH 6 oKOBbie npomSbi OTcyicTBOBaAH. 
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EoiKOBbie mporaSbi, nepexocbi ceneHHH h CKpyqHBaHHe o6i>hchbiotch 
cjieAyiomHMH npHBHuaMH. ripn noABB>KHOH Harpyaxe oOpaayioTCfl 311 an li- 
re JibHbie no jumue 30Hbi Texynecm ripn npeAejibHOH Harpysxe sth 3ohw 
oxBaTbiiBaiOT Boe ceqeHHH. B cpeAHHx yqacTxax odonx npojieTOB « raa a cpeA- 
Heft onopon npn o6pa30BaHnn 3oh TexynecTH MOAyjib AecjDopMauHH 3Haqn- 
TejibHO yMeHbiiiHJicH, mo pe3KO cHH^xaeT 3HaneHHe xp h thhcc koh Harpy3KH 
o6men ycTOHHHBocTH SajiXH. ripn ropH3OHTajibH0H njiomaAKe TexyqecTH 
h OTcyxcTBHH ynponHeHnn Ha AnarpaMMe pacTn>KeHHH 3 tot MOAyjib pa'BeH 
Hyji'io. B AeHCTBHTejibHocTH >xe MOAy^b 6yAeT 6ojibine Hyjin, Tax xax 
b nojixax 6yAeT hmct b mccto ynpon«eH!He. Taxnivr oOpasoM, npunHHOH o6pa- 



aoBaHHH '6oxoBbix npornooB h cxpyqHiBaHnn cjieAyeT cqHxaTb noTep-io oSmen 

yc TO H H HBOC TH 6 aJIXH BCJI€ACTBH€ oSpaaOBaHMfl 3 HaHHTejIb(HblX HO AAHHC 30 H 
TexynacTH. Kpoivie topo, narpyaoMHoe npHcnocoOjieHHe Mam-HHbi b momcht 
pa 3 rpy 3 xn AaeT HeOojibiuoe ropii 30 HTajibHoe ycnjiHe, oOycjioBjieHHoe xoh- 
cTpyKiixieB MamiHHbi. HanpaBJieHiie OoxoBbix Ae 4 >opMauHH coiBnaAaer c Ha- 
npaB.aeHHeM 3 thx ycHJiHH. Hpn HcnbiTaHHH AByTaBpoBbix Oajiox noABH>xHoii 
HarpyaxoH HaOjnoAajincb eme ocTaTonHbie Ae^'OpMaABH B-epxHero none a, no 
Been ero jumue, ib BHAe „,rpH 6 o'BHAHO€TH“. B hh^h€M nonce Taixue Aecfiop- 
MaiuHin ne Ha 6 jnoAajiHCb- npOTHHOH othx Acc}>opMauHH HBJiineTon oOpasoiBa- 
nne MecTHbix njiacTiiqecxHx AOcJ>opMauHH BCjieACTBHe BAaBjiHB-aHHn Harpy- 
3 oqHoro BaAHxa ,b sepxiHHH none h cMemeHnn MaTepnajia nonca noA ibbjih- 
xom ib cropoHbi He TOJibxo baojib Oajuxn, ho h nonepex. 3 to CMemenne 
B BepXHHX BOJIOXHaX H npHBejio X Ae<J)OpMaUHH nOJl/OK. 

BblBOAbl 

HcnbiTaHHn AByxnpojieTHbrx 6ajiox npHMoyrojibHoro h AByraiBpoBoro 
ceneHHH npn noBTopHOH h noABHJKHon Harpyaxe noxa3ajiH cjieAyiomee. 

1. IIoBTopHoe npnjio>xeHHe npeAejibHOH Harpy3XH, BbinHCjieHHOH Teope- 
THnecxH na ocHOBaHHH Teopnn Bbipa'BHiHBaHun momchtob, npHiBOAHT x npe- 
xpameHHio HapacTaHHn Ae(j)opManHH nocjie 5 000 — 10 000 noBTopeHHH 
HarpyaxH. 

ripn Harpy3xe, Hecxojibxo Oojibmefl, neM Teoperanecxan npeAejibnan 
Happy3xa (Ha 10 — 15%), rax^xe npOHcxoAHT iCTafiHJiHQaniHn Ae(J)opMamiH, 
ho nocjie 6ojibuiero nncjia noBTopeHHH Harpy3xn. 

npeAe^bHOH HarpyaKOH cjieAyeT cnuTaTb Ty Harpy axy, npn noBTopeHHH 
xoTopofi npoHcxoAHT cTa6HJiH3auHn Ae<})opMauHH. TaxHM oOpaaoM, onbiTuan 
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npe/rejibHaH narpysxa He MeHhiue TeoperH^eoKofi, BbiHHCJieHHOH b npeariojio- 
OAHO,KpaTHoro CTaTHqecKoro Harpy^KCHHH. 

2. npeABapHTejibHaa rpeHupciBKa SaJiKH jiobtophoh HarpyaKOH, naiomeii 

^e^opManHH, ho MeHbuieft, hcm TeopeTHaeoKan npeae»HaH 
Harpy3Ka, 3aMerHo ch H/K aeT Ae^opwaunH npH noBTopeHHH npe^ejibHofi Ha- 
rpy 3 KH, no cpaBHeHHio c Ae<j)opMaiiHHMn, n ony h e h ii bi m h npn Harpy*eHH H 
ncBTopnoH npeACJibHoii Harpy3Kofi 6e3 npeABapHTejibHoii Tpe hhdobkh M eHb- 
uibh HarpyaKOH. 3 to othochtch kak k CajncaM npaMoyronworo; rax „ nay- 
TaepOBoro ceqeHHH. ’ “ A y 

3. noBTOpHoe npn-noKeHHe hoabhjkhoh npenejibHofi Harpy3KH bhhh- 
cjieHHOH TeopeTHHecKH B npeOTOJWKeHHH OAHQKparaoro cranweacoro non- 
aojkchhh ee B onacHOM ceveHHH SajiKH (0,4142 / or xpaftHefi onopbi) npn- 
BOAHT K 3h a HHTejiibHo (xwiee SbicrpoMy npexpamewHio HapacTaHHH A e<boD- 
MauHH, HCM np» noBTopHofi Harpy3Ke, npHKjiaAbiBaeMOH b oahom h tom *e 
ceneHHH. /J,jih oajioK npHMoyrojibHoro ceneHHiH c t&Sh a h 3 a pn h AecfropMaiiHH 
npoHcxoAHT nocjie 3—5 noBTopHbix np 0 xo >k ach h h HarpysKH, a jum SajioK 
AByiaBpoBoro ceqeHHH nocjie 70 — 100 rrpoxo>KA€HHH. 

XyAume peayjibTaTbi Jim SajiOK AByiaiapoBoro ceqeHHH oSbhchhiotch 
noTepen o Cmew yc to riq hb oc th 6ajiKH npn o6pa30BaHHH boh njuacTmeoKHx 
A^epopMaUHH, a TBK>Ke HeiKOTOpbIMH HeAOCTaTiKaMH onblTHOH yCTa-HOBKH 
6ajiKH T ) CTBHe B n P 0JieTax 3a!K 'P ,enjie ' HH w, npenHTC'TByioiUHX SoxoiBOMy H3ra6y 

npiH noiBTopHbix npoxo/KAeHHHX HarpysKH SajtKa paOoiaer KaK vnnvraa 
C nOCTOHHHbIMH OCT 3 TOH H bl M H AetJjOpMaUHlHMH. 

4. npeABapHTejibHaa TpeHHpoBKa ixoaibhwhhmh Harp yaga mh ahiolh.hmh 
iuracTHHecKHe Ae^opMauwH, ho MeHbuiHMH, hcm npeAejibHan HarpyaKa npH- 
boaht k 3a.M€THOMy^ CHHjKeHHfo AetJjopMauHH SajiOK npHMoyrojibHoro' cene- 
hi.h npn npcACJibHOH Harp}3Ke. XUth 6 aoiOK AByTaspOBoro ceaeima wpeABa- 
piiTejfbHaH rpeHHpoBiKa He cHwwaeT A&4>op m a uh h , hto ofibHCHHCToi noTepefl 
OOUieH yCTOHWBOCTH GajIKH HpH 3 H a HHTejI bH O M paaBHTHH 30H IUiaCTHHeCKHX 
AecpopMauHH npn -npeAejibHOH HarpysKe. 

5. BjiHHHHe Kaca.TejibHbrx h a npn jkchhh Ha ©ejiwqH-Hy npeAejibHOH Ha- 
rpy 3 KH npn npHHHTbix paaMepax onbiTHbix tiajioK oecbMa HeaHaqirrejibHO rill. 

ABHHbix 6ajiKax AByTaBpoBoro ceneHHH o6pa30BaHHe nAacTHnecKHX 3 oh 
nponcxoAHT cnepBa b nojinax, a 33TeM b CTeuxe. n P H onbiTax sto hoa- 
TBepAHJIOCb 'nOKaaaHHHMH T&H30 MCTpO B . /toCTHJKCHHe Hecymeft CnOCO^HOCTH 
Of-JIKH BCjieACTBHe oSpaBOBaHMH njiacTHqecKHx Ae^opManwft b ctchkc a He 
B nojiKax, H3 B03M0*H0CTb Hero yKaaaji B. M. Bpoyae [12], b a3hhom cjiy- 
v .ae, npn npHHHTbix cooTHomeHHHX pasMepoB, HCKAmaeTCH. 

6- u Ha ocHOBaHHH npoBeAeHHbix onbiTOB npeAejibHoe cocTOHHHe AByxnpo- 
ACTHOH Hepa3pe3HOH SajJKH npn noABHTKHofl HarpyaKe onpeAeJineTCH nairpy 3 - 
!Koh, KOTopan bo bchkom cjiynae He MCHbuie TeoperaHecKOH npcAejibHOH 
narpyaKH, Bbrn hc ji&h hoh na ochob 3 hhh TeopHH b bip a b h hb a h h h momchtob, 
b npoAno jio>KeH hh OAHOKparaoro npHjioweHHH ee b onacnoM eeneHHH. ripeA- 
nojiaraeTCH, kohomho, hto 6ajiKH noABep>KeHbi TaKOMy nncjiy ncsTopeHHH 
narpysKH, npH KOTopoM HBjieHiie ycTaAocra euie mo>kho He ymiTbiBaTb. 

Ohobhaho, npHBeAeHHbie BAecb shboah MoryT 6 biTb pacnpocTpaHeHbi 
h a Apynie cxeMbi Hepa 3 pe 3 Hbix fiajioK nocTOHHHoro ceaeiiHH, t. e. c hhcjiom 
npOJieTOB, SojIblHHM ABVX. 
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HHCTHTYT CTPOMTEJlbHOH MEXAHHKH AKAU.EMMH HAYK YCCP 
1953 C.BOPHHK TPYAOB A 1 " 18 


«V CTAJ10CTHAJ1 nPOHHOCTb HPE/lBAPHTEJlbHO PACTflHyTOH 

CTAJ1M 

H. M. HepwiK 

B CTaibe mjioxceHa pa3pa6oTaHHaa aeiopOM MCTOAHKa H3MepenHH niacin MecKHX 
ActjiopMauuH ii noKa3aHo BJiHHHiie npe^BapHTejibHOH ^etfjppMau.HH pacTJiJKemia iia BbmocjiH- 
bOCTb cra.iH 45 h 40X. 

Hcc;ie;u)Baiuie bahhhhh xoaoahoh njiacTH^ecKOH Aec})opMauHH Ha Mexa- 
HimecKiie xapaKTepiiCTiiKH MeiajijiOB npeACTaBAneT 6oAbinoH HaynHbiH h npn- 
KjiaAHofl HHTepec. 

Mnorne H3 coBpeMeHHbix mctoaob noBepxHOCTHoro ynponHemiH ACTaAeft 
MaiiiiiH (ofiKaTKa poahkom, Apo6ecTpyHHafl o6pa6oTKa h ap ) ocHOBanbi Ha 
TOM, MTO B HOBepXHOCTHblX CAOHX AeTajieH C03AaK)TCH njiaCTHHCCKHe Aec})Op- 
MaiUIH. ri03T0My H C C A e AO B a H H e BAH5IHHH paBHOMepHOH H Hep3BHOMepHOH 
I ! A a CTH l l e C K O Ii Aec])OpMaUHH Ha yCTaAOCTHyiO npOHHOCTb CTSAH HBAHeTCH 
Becb.Ma aKTyajibHoii 3aAa L ien aah ManiHHocTpoeHHH. 

OnpeAeACHHC 3aBHCliMOCTH Me>KAy HanpH>KeHHHMH H AecjDOpMaUHHMH 
b ynpyro-MJiacTHqecKOH oSjiacTH h H3yneHne 3aKOHOMepHOCTH H3MeneHHH 
MCXaHHHCCKHX CBOHCTB npH nAaCTHHeCKHX AG(J)OpMaUHHX OCyH^eCTBAHeTCH 
C nOMOIUbK) MeTOAOB TeopHH nAaCTHHHOCTH [1 ] H 3KCnepHMeHTaAbHbIX uccjie- 
AOBaiiHH. 

Ho Bonpocy o naKAene HMeeTcn oSmHpHan AHTepaTypa (HanpHMep, 
L2 — 5]), nOCBHIUeHHaH BbIHCHeHHIO (})H3HqeCK0H CTOpOHbl HBJieHHfl H paUHO- 
HaAbHOMV reXHOAOTHHeCKOMy HCn0Ab30BaHHK) CBOHCTB HaKAenaHHOrO 
MCTaAAa. OAHaxo sonpoc o bahhhhh HaKAena (paBHOMepHoro h HepaBHOMep- 
iioro) na ycTaAOCTHyio nponnocTb ct3ah HCCAeAOBaH coBepmeHHo HeAOCTa- 
T04H0. Oco6eHHO M a A O AaHHbiX 0 BAHHHHH HaKAena, BbI3BaHHOrO paCTB- 
>KenneM. 

B HacTOHmeii pa6oxe paccMaxpuBaioTCH xapaKTepncTHKH BbiHOCAHBOCTH 
cTa/m b 3aBHCHMocTH ot CTeneHH paBHOMepHoro HaKAena, Bbi3BaHHoro pac^ 
T5I>KCHHeM. B COOTBCTCTBHH C nOCTaBACHHOH 3aAaHeil HCKAiOHaiOTCH H3 pac- 
CMOTpenHH Bonpocbi bahhhhh ocTaTOHHbix HanpH>KeHHH nepBoro pOAa 
H HeOAHOpOAHOCTH MexaHHHeCKHX CBOHCTB no CeneHHK). npn HCCAeAOBaHHH 
paBHOMepHoro HaKAena h ero bahhhiih Ha MexaHnnecKne CBOHCTBa MeTaAAa 
neoSxoAHMo 3aAaBaTb c AoeraTOHHOH CTenenbio tohhocth pa3AHHHyio bcah- 
MHHV riAaCTHMeCKOH Ae4 )0 P Mai i HH * 

HecoBepmeHCTBo o6biqHO npHMeHneMOH mctoahkh oupejxej\em\n bcah- 
nimbi n peABa pHTeAbHOH nAacTHnecKOH Ae(j)opMauHH HBAHeTCH oahoh H3 
Cepbe3HbIX npiiHHH OTCyTCTBHH B AHTepaType AOCTaTOHHO nOAHbIX h o6ocno- 
naimbix MaiepnaAOB omocHTeAbHO bahhhhh npeABapirreAbHOH AccpopMau,HH 
na npeAeA bbihocaubocth ctbah. 

ri03T0My Iieo6xOAHMO 6bIA0 VACAHTb BHHMaHHe pa3pa60TKe hbag^khoh 
M eTOAHKH H3MepeHHH ruiacTHnecKHx Ae4)opMauHH o6pa3uoB b npouecce hx 
A e({) op m n po b a h h h [6]. 
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1. MeTOAHKa AetfropMupoBaHHfl h H3MepeHHa njiacTHMecKMx Ae<|)opMaunH 

XUh npeAsapHTejiMioro A^4>op vrupoeaHHa MeTaAAa b ycAOBHHX pacra- 
>KeHHH h c>KaTHH 6buvH cnpocKTHpoBaHbi h HBFOTOBjieHbi cneuHaAbHbie 
oSpasubi h npHcnocofijieHHH. Ha pnc. 1 nocAeAOBaTeAbHo noKaaaHbi: 
a — HcxomiHaH aaroTQBKa, 6 — o6pai3eu, nojiyqeHHbift m aaroTOB^H h ropea- 
Ha3HaneHHbiH aah CTaTHHecKoro HcnbiTaHHH Ha pacTH>KeHHe — c>KaTHe, 

6 — o6pa3eu, nojiyHeHHbifl nocjie Ae- 

— , (j)OpMHpOBaHH5I H 06pa60TKH TOAOBOK 

h npeAHa3HaHeHHbifl aah ncnbiTaHHH 
Ha ycTajiocTb Ha ManiHHe „HY“ (hh- 
CTblH H3rH6 npH BpameHHH). 


■■■■■ -f 

x;:;: ; :• 

a : : ■ # . « 



* 4 


Phc. 1. 


Phc. 2. 


CooTBeTCTBeHHo Ha piH’C . 2 naKaaaHbi: a — HCXOAHan aaro-roBiKa, 

6 — o6p aaeu ju m ct aTHH ©ck oro HercbiTaHHH h e — o6pa3eiu. aaw HcnbuaHHH 
Ha ycTajiiocTb «a MaiuHHe Mypa (HHCTbift H3TH'6 npn <Bip amen h h ) . 

JAm coxpaHeHHH <n p hmoa h H en h octh ocih o&paanoB., noKasa-HHbix Ha 
pHC. 1,6 h 2,6 npH hx HcnbiTaHHH na pacTSDKeHHe — c>KaTHe, obijio cnpoeK- 
THpoBaHO h H3roTOBjieHo cneunaAbHoe npHcnoco6jieHHe, nepTe>K KOTOporo 
H3o6pa^eH Ha pnc. 3. 

HacTH SToro npHcnoco6jieHHH: nanpaBAHiomHH uhahhap h UHAHHApane- 
CKHe BKJiaAblLHH C BBHHHeHHbIM B HHX o6pa3uoM noKa3aHbi Ha pnc. 4. 
B coSpaHHOM BHAe 3 to npHcnoco6jieHHe noKa3aHo Ha pnc. 5. 

JAjw H3MepeHHH njiacTHHecKHX Ae^opMauHH b npouecce Ae^opMupo- 
BaHHH 6buia pa3pa6oTaHa cneunaAbHaH MeTOAHKa. 3ia MeTOAHKa ocHOBaHa 
Ha tom, hto nepeMem,eHHH tohck nAacTHnecKH Ae(J)opMHpyeMoro TeAa npe- 
o6pa3yiOTCH b AecJ)opMauHH ynpyroro SAeMeHTa. Ynpyraft aAeMeHT b BHAe 
TOHKOH CTaAbHOH nAaCTHHKH COeAHHHeTCH CBOHMH KOHIX3MH C 6a30BbIMH 
TOHKaMH HcnbiTyeMoro o6pa3H,a. 

nepeMemeHHH kohuob CTaAbHOH nAacTHHKH npHBOAHT k ee H3ra6y, He 
BbixoA^meMy 3a npeAeAbi ynpyrocTH Aa>Ke b CAynae 6oAbiiiHX nAacTHHecKHX 
Aec{)opMauHH o6pa3ua. 

Zte(|)OpMaUHH CTaAbHOH nAaCTHHKH H3MepHK)TCH C nOMOIUbJO HaKAeeH- 
Horo Ha nen TeH3onpoBOAOHHoro abt^hkh h annapaTypu, npHMeHaeMOH 
o6bIHHO npH TeH30H3MepeHH5IX. 

Ha pnc. 6, a cxeMaTHnecKH noKa3aH ynpyrnfi SAeMeHT c 6a30H AB = l 

B HCXOAHOM COCTOHHIIH (CHAOLUHaH AHHHfl) H B Ae(j)OpMHpOBaHHOM COCTOfl- 

hhh, KorAa HcnbiTyeMbiH o6pa3eu, Ha kotopom ycTaHOBAen ynpyrnfl SAeMeHT, 
noAynHA yAAHHeHHe Al — BB' (nyHKTHpHan ahhhh). 

C ueAbio o6ecneHeHHH H3MepeHHH 6oAbmHX Aecj)OpMauHH Ha MaAOH 
6a3e 6biAa npHMeneHa cxeMa, iiOKa3aHHaa Ha pnc. 6,6. 
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B 3 ) tom cjiy'i no ynpyTHH o;ieMeiir AB CBfl3an c oa30BbiMH Tomaum na 
oopaaue aepea ytojikh AcA\ ii BdB\. 

Hji>Ke npimo/uiTcn HCKOTopbie k o h c t p v k t h b h bi c BapHaiiTbi otiix cxeM. 


Phc. 4. 


Phc. 5. 




Kpeiuenne yupyrax ojieMeHTOB k rojioBKaM o6pa3ua npoH3BOAHTCH 
c noMombio BHHTOii (puc. 7) n cneunajibHbix Kojreu (pnc. 8). Kpermemie 

ynpyrnx 3jieMeHT0B k unjinHApHnecKon nacTH 
o6pa3ua qepe3 yrojiKH ocymecTBjiHexcfl nyTeM 
npHnaHBaHHH hjih npHKJieHBaHHH nocjieAHnx 
k o6pa3uy (puc. 9). Ha pnc. 9 noKa3aHbi TaK- 
>Ke J\ aTMHKH, H3MepHK)UXHe Ae(})OpMaUHK) o 6- 
pa3ua no nepCMCuxeHHHM tojiobok. 3to no3BO- 
jmex nojiynaTb AHarpaMMbi AecfiopMaunn o6~ 
pa3ua no nepeMemeHHHM 6a30Bbix Toneu 
b un.THHAPHHecKOH nacxn, a T3K>Ke no nepeMe- 
meHHHM tojiobok o6pa3ua n npoBOAHXb nx cpaBHHTejibHoe nccjieAOBaHne. 

KpOMe onncaHHoro cnoco6a H3MepeHHH Aecj)opMauHH c noMombio ynpy- 
thx sjieMemoB, npHKpenjieHHbix k o6pa3uy, 6bijia pa3pa6oxaHa Tan>Ke koh- 
CTpyKUHH eneunajibnoro xen30\iexpa. 




Phc. 7. 


Phc. 8. 


Phc. 9. 


y^HTbiBan, i ito npn njiacmnecKHX Aecj^opMaunsix o6pa3ua b npo^ojibHOM 
nanpaBJieiiHH npoiicxo/uiT ananniejibHoe H3MeHeHne ero nonepenHbix pa3Me- 
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PUB, IlCOOXOAliMO UJjIJIU Iipa pa3paOOTKe KOHCTpyivUHH COOT botctby iomcro 
Ten^oMCTpa y;uviiiTb oeofioe BiiiiMaune BonpocaM ynpyroro npn>KHMa ho/kck 

iciiiubuCTpa i. cCpaauy. 



Pnc. 10. Pnc. 11. 

OoiUHH BHfl* TaKOro ICHBOMeTpa C AByMH npH>KHMaiOimiMH lip V/KHHaMH 
nc>Ka3an na pnc. 10, a c o^hoh npy>KHHOH — Ha pnc. 11. 



Phc. 12. 



Kpo\ie H3MepeHHH npoao;ibHbix AecjjopMauHii 3 tot tch 3 omctp nc>3BO/iHeT 
c noMombio Teii3onpoBo;io«-iHbix /uitmhkob, HaK/ieeHHbix na npH/KHMaramHX 
npy>KHiiax, bcctii TaiOKC imiepeHne nonepcm-ibix aecj}opMauHH. 
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C uejibfo nojiy^eHHH KOjiHnecTBeHHbix AaHHbix o 33bhchmocth Me>KAy 
riOKa3aHHHMH npH 60 p 0 B, perilCTpHpyiOmHX H3MeHeHHH COnpOTHBJieHHfl TeH- 
30AaTHHK0B, h Ae^opMauHeft ynpyroro ojieivieHTa, cooTBeTCTByiomeH H3Me- 


Phz 



Phc. 14. 


pjieMoa njiacTHaecKOH Aecf)opMauHH, npoBOAHTCH TapupobKa 3 thx ynpyrax 
sjieMemoB c h a k ji e e h h bi m h TeH3onpoBOJioHHbiMH /^aTaHKaMH Ha KajmBpaTope 
(pHC. 12). 



Phc. 15. Pl *c. 16. 


KpenjieHHe ynpyroro sjieivieiiTa nppi ero TapnpoBKe Ha Ka.nH6parope 
ocymecTBjiHeTCH c noMOiubio cneunajibHoro npncnocoSjieHHH. YcTaHOBKa 
ynpyroro 3jieMeHTa Ha onpeAejieHHofi 6a3e npoH3 BO- 
Ahtch npH noMouiH Kajin6pa. Ynpyrun 3jieMeHT b hc- 
XOAHOM COCTOHHHH HaXO/l,HTCH B HOCKOJIbKO H30rHyT0M 
nojio>KeHHH, hto no3Bo t TH0T npouBBo^HTb ero TapnpOB- 
Ky B yCJIOBHHX, COOTBeTCTByiOIUHX KaK paCTH>KCHHK) 
HcnbiTyeMoro o6pa3ua, TaK w ero c>KaTHio. 

CooTBeTCTByiomHe HSMeneHna sjieKTpnaecKHx na- 
paMeTpoB Ten30^aTHHKa, naicneenHoro Ha ™6 kom 3Jie- 
MeHTe, npH ero Aecj)opMHpoBaHHH peracTpapyjorcfl 
c noMoujbio nuieHcfmoro ocuHJUTorpa(})a hjih mhjijih- 
BOJibTaMnepMexpa. Oahh H 3 rapnpoBOHHbix rna(})HKOB 
npnBeAeH Ha puc. 13. 06pa3eu c ynpyrnMH 3JieMen- 
tbmh b HanpaBjifliomeM uhjihhapc, ycTanoBJieinioM Ha 
Phc. 17. HcribiTaTejibHOH Mamnne, H0Ka3aH Ha pnc. 15. 

O^na H3 nojiyqaeMbix AHarpaMM Aec})opMauHH, no- 
CTpOeHHblX no TOHKaM Ha OCHOBaHHH nOKa3aHHH A3THHK0B, npHBeAeHa Ha 

pnc. 14. 
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C uejibio kohtpojih MaKCHMaJibHofl BejiH4HHbi ruiacnmecKOH Aecf>opMa- 
U.HH o6pa3ua Ha HeM h3hochtch OTnenaTKH ajiM33HOH napaMHAOH na npH- 
6ope BaKKepca (noA Harpy3Koft 5 — 10 kz ) h H3MepHeTca paccTOHHHe Me>KAy 
HMMH AO H nOCAe Ae^OpMHpOBaHHH. 3 th H3MepeHHB yAOgHO npOH3BOAHTCH 
Ha HHCTpyMeHT3AbH0M MHKpOCKOne (pHC. 16). 

Oahh H3 omenaTKOB, noAy i ienHbix BAaBAHBaHHeM aAMa 3 Hoft nHpaMHAbi 
b o6pa3eu,, noKa3aH Ha pnc. 17. 

npeAejibHan norpeuiHocTb b H3MepeHHax He npeBbimaAa + 5 mk. 


2 . BjiHflHHe Haiuiena pacnuKeHHeM Ha BbiHOCAHBOCTb eraAH 

Flo Bonpocy O BAHHHHH Ha BbIHOCAHBOCTb CT3AH HaKAena paCTHJKeHIie.M 
HMeeTCH M3AO ABHHbIX. 

HHACe npHBOAHTCH AaiHIbie HCCAeAOBaHHH, npOH3BeA0HHbIX HaA CT3AHMH 

C,06 % C; 0,24% C; 0,27% C; 0,47% C h 1,10% C no JiHTepaTypHbiM jxan- 
HblM [7 — 10]. 


XwMHqeCKHH COCTaB 


T a 6 ji h u a 1 


y raepcxa 
(Vo) 

MapraHeu 

Wo) 

KpeMHHH 

(%) 

XpOM 

( u /o) 

HiiKeab 

Wo) 

Cepa 

(Vo) 

4>oa|)op 

(Vo) 

JliuepaTypHbiH 

HCTOqHHK 

0,06 

0,47 

0,05 

0,07 

0,25 

0,035 

0,018 

[8] 

0,24 

0,46 

0,37 

- 

- 

0,034 

0,05-1 

17] 

0,27 

0,76 

0,33 

- 

1 

0,110 

0,040 

|7| 

0,47 

0,72 

0,23 

- 

- 

B HopMe 

[9] 

1,10 

0,32 

0,22 

i 

- 

0,063 

0,040 

1 7 1 


MexaHHHecKHe CBOHCTBa 


T a 6 jihu a 2 



Ctajib 

XapaKTepHCTHKa 

0,06 o/o C 
[8] 

0,24 o/o C 

[7] 

0,27 o/ 0 c 
[7] 

0,47 °/o C 
[9] 

1,10 o/o c 

[7] 

ripcyieji nporiopunoHajibHOCTH ( kz mm 2 ) 

21,5 

20,5 

! 

30,0 

— 

28,6 

Ilpeaeji TeKyqecTii ( kz/mm -) 

23,3 

— 

! 

33,7 


npe^ea npoqHocni (kzImm 1 ) 

35,5 

41,9 

52,3 

62,4 

72,1 

OmocmejibHoe yaaHHeHHe (o/ 0 ) 

40,5 

32,4 

26,0 

32,0 

10,9 

OtHOCHTeabHoe cywenne (%) 

75,9 

64,0 

5d,5 

48,5 

24,3 


Hamieny pacTH>KeHHeM no^BeprajiHCb 3aroTOBKH, H 3 KOTopbix 3 aieM 
BbnaHHBajiHCb o6pa3Ubi /yin ycrajiocTHbix HcnbiTaHHH. 

ZtnaMeTpbi 3 a totobok h o6pa3UOB H 3 yKa 3 aHHbix Bbiine cTaAefi 
(cm. TafiA. 1 h 2) npHBeAeHbi b Ta 6 A. 3. 


T a 6 .1 h u a 3 

^HaMeTpbi 3aroTOBoK h o6pa3UOB 


Ciajib 

0,06 o/ 0 C 
[8] 

0,24 0 /, C; 0,27 o/ 0 C; 1,10 o/ 0 c 

[7] 

0,47 o/ 0 C 
[9| 

JUiaMeTp 3aroTOBKH (mm) 

28 

15 

20 

HnaMeip o6pa3ua (mm) 

12 

7,5 

2 


109 


Sanitized Copy Approved for Release 2010/04/21 : CIA-RDP80T00246A032500880001-4 


Sanitized Copy Approved for Release 2010/04/21 : CIA-RDP80T00246A032500880001-4 


Ct£uh c 0,00 h 0,47% C 6h\m\ iiopMajinaoBafibi b 3aroTOBKax. 
HcnbiTamie na ycrajiocTb odpasnoB cl = 7,5 mm Bejiocb na Mainline 
UIciiKa (MHCTbiH H3rn6 npn BpamenHn), a oopa3uoB d = 2 mm h d= 12 mm 
na KOIICCVIbHblX MaiilHHaX. 



Pe 3 yjibTaTbi 3 thx ncn bna huh npezicTaBJienbi b Ta6,;i. 4 n na pne. 18 t 
i\o.e npiiBeAenbi x a p a kt epn cth k h BbiHocjiH booth cTajieii b 3 bbhch mocth ot 
B ejunmubi npe;iBapwie,ibHOH AetjiopMniuni pacTH/Kennn; npn 3 tom npnnnxbi 
c/i e,a,y icmiie 0603 h a ncn nn : 

— npeAe .1 b bi 1 1 ocji h bocti i exajni, iipeABapHTCJibno pacxnnvxon na 
BejiHMHuy OTHOCHTejibHoro y a Ji ii 1 1 e h 1 1 n 

tf_l(, =ft) npCAe.I B bi II OCJI H BO CT H H e AG(j)C) p M H p O B a H H O H CTa, T IH; 

K — KG 3 tj.) d ) II U, H e H T , XapaKXepH3\ r IOLII.HH OTHOCHTeJlbllOe H3MeilCimC 
npe^ejia bbi hocjihbocxh exajm b AecpopMHpoBannoM coctohhhh 
no cpaBnenHio c HeAecpopMnpoBannbiM 


K= 1U -. 

a -K-0) 


T a 6 ji h u a 4 

XapaKTepHCTHKH BbIHOCJiHBOCTH CTajieM 


\^Ci:ub 

\ 

«'(•/«) \ 

0,05% C 
[8] 

o, o%c 
[10] 

0,24% C 
|7| 

0,27% C 

m I 

0,47% C 

(91 

1 , 10 % c 

m 

n.^ 

I 

C Jjj 

K 

j r«) 

! o -l(0 
(/CZMM-) 

K 

! r/») 

| a -KG 

K 

1 r/,4 

! ".no « i 

{KZjMM 'y CV-4 1 

°-l (M 

(m mm' 1 ) 

K 

(%) 

°-l (M 
(ml mm 1 ) 

K 

(%) 

0 

18,7 

100 

23,0 

100 

23,0 

100 

28,0 

100 

28 ; 0 

100 

27,0 

400 

Ao npeae.in 
TeKyqecm 

j ~ 

i 

- 

-- 

24,0 

104 

31 fi 

411 

- 

— 

30,0 

111 

2 

— 

; - 

— 

- 

— 


— 

- 

— 

- i 

30,0 

in 

5 



- 

- 

— 

- 

— 

— ■ 

— 

— 

32,0 

1 18 

8,7 


: - 

— 



. ’ 

— 

— 

35,2 

126 

-- 

— 

10 

21,2 

112 

20,1 

113 

30,0 

130 

32,0 

114 


— 

- 

— 

20 

22,7 

122 

i 

— 

34,0 

148 

36,0 

129 

38,0* 

135* 

— 

— 

30 

23,7 

127 

— 

— 

- 

— 

— ! 



— 

— 

— 


* ZtaHHbie nojiy^enbi npn f = 20,5%. 
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b Hhcthtytc cT|)oiiTe;i biiofi AicxainiKH AH YCCP mum obijin iiceACAo • 
satiibi L'lajin \iapoK 4o u 40X. OGpaaubi (pnc. 1 ,6 n 2,6) 6 bum noABt’pr- 
HYTbi v rani ‘iccKOMy AccJiopM m poea imio no panee iiBAoncennoM MeioAHKe. 
3aroTOHKii stiix oopaauoB -6 bum h op m a a h 3ob a h bi . 

\ji.\imiccKiiH oc-CTaB ii MexaiimiecKHe ceoiicrBa nccACAOBaimbix ciajieS 
npiiBcvuuibi b raoji. 6 u 6. 


T a 6 j i ! u a 5 


XllMHMeCiUlH COCTaB (o/o) 


Mapxa 

CTajui 

ymepOA 

MapraHcn 

KpeMHHH 

XpOM 

Hiixejis 

Cepa 

^oc^op 

45 

0,46 

0,80 

0,26 

0,03 

0,07 

0,035 

0,008 

40 X 

0,36 

0,81 

0,32 

0,98 

c.ieAW 

0,024 

0,013 


Mapxa 

ciaan 

npe UVI TCKVMeCTH 
(KljMM') 

ripeae:i npoaHocTH 
(KljMM 1 ) 

O rnocHTeabHoc 
y A-'iiiHeKne 
(%» 

OTHociiieabHoe 

C) TKCHfie 
' (%) 

45 

38,9 

65,9 

22,5 

57,0 

40 X 

50,4 

84,1 

18,0 

66.6 


06pa3Ubi ii3 cTajiM 45 noABepraAHCb MexaHimecKon oSpaooTKe npii 
cacavioluhx pe>KHMax: 

а) cKopocrb pe3amm iipn TOKapnon oopaooTKe v — 2.” m/muh, noAana 
x' ^ 0,17 mm/ou , iviyGuna pe3anim I 0,35 mm\ 

б) mji Hc(joBaiuie nponaBOAHAocb a(5pa3iiBHbiu Kpyrou m apKH 

3KCM r 60 AmmeTpoM D--270 mm , hhcvio ooopoioB Kpyra /z K - -2500 o6/mhh, 
MHCJIO OOOpOTOB H3ACAHH //„ - 100 06/MHII, IViyOHlia pC3aiIHH 1 1 P 1 1 LUAH(j)0- 

Bamin / - 0,0.3 - 4 - 0,05 mm, oxjia>K;;eHHe — BOAHbin pacTBOp coAbi. 

OOpaaubi H3 CTajiH 40X noABepraAHCb TOKapnoii oopa6oTKe npii c.;ie- 
AyioiUHX pc/KHMax: CKopocTb pe3anmi v = IS m/muh, noAawa 5 0,03 MM;o6 , 

iviyfiima pcaaimn t =---- 0,1 mm. 

06pa3Ubi H3 CTa.au 45 h 40X npeABapmeAbHo pacmniBaAncb a o pa 3 - 

AHWHblX 3Ha i ICHHH OTHOCHTeJIbHOrO VA^HHCHHa, BeJIHMIIHa KOTOpOPO OPipeAC- 
.'ui.’iacb na ocHOBaimn TapupoBoaiibix rpacbuKOB r nn vnpynix sacmchtob 
c reH3onpoBOAomibiMH a3tmh kamii ii KOHTpoji iipoBajiacb nyieM H3MepcHim 
na h 1 1 CTpy m c h r a , : i b ii o m MHKpocKone paccroHHHH m okay oTiieqaTKaMii, nane- 
cemibiMH na o6pa3eu, a TaK>Ke nyTeM H3Mepemm ah a MCTpoB Ae(|)opMHpo- 
BaiiHhix oOpaapoB ripn noMoimi p hi m a >k h o - h y bct e h t 0 a b i 1 c ro MHKpoMcrpa 
(TOmiOCTb OTCHCTa - r 1 mk). 

riocjie Mexam-mecKOH o6pa6oTKii poaobok o6pa3Ubi ncnbiTbiBaAncb 11 a 
ycTajiocTb npn hhctom rnrniGe c BpamemieM na Manmnc II y (ciajib 45) 
a na Mam Hue Mypa (eraAb 40X). 

Pc3yjibTaTbi iicnbiTaHHH npeACTaBACHbi b Ta6ji. 7 11 na pnc. 19—20 
(craJib 45), b tb6a. 8 h na pnc. 21 (eraAb 40X). 

OTHocHTejibi-ioe yAAHHCHne onpeAejifljiocb no (JjopMyjie f = ^ ~ f r Ae 

V — OTHOCHTeAbiioe cy>KeHHc, onpeAeAneMoe Ha ocuoBaHnn H3Mepemm 
AHHMeTpOB o6pa3UOB B HCXOAHOM H B Ae([)OpMHpOBaHHOM COCTOflHHH. 
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B pe3yjibTaie npoBeAOHHbix HcnbiTaHHH Ha ycTajiocrb BbiHBjieHo, hto 
AJ ifl H0pMajiH30BaHH0H npeABapHTejibno pacTHHyTOH CTajiH 45 b HHTepBajie 
Ae(j)opMauHH OT HyjiH AO e= 1,5 -r- 2% nponcxoAHT cHH>KeHHe npeAejia 
BblHOCJlHBOCTH. FIpH 3TOH EeJIHHIlHe IIJiaCTHHeCKOH Ae4>OpMaUHH AOCTHiaeTCH 
MHHHMyM yCTajIOCTHOH npOHHOCTH, 3aTeM npeAejI BblHOCJlHBOCTH B03paCTaeT 
h npH £=12% AOCTHraex ypoBHH, cooTBeTCTByioiuero ycTajiocTHOH npon- 
HOCTH CTaJlH B HeAG(J)OpMHpOBaHHOM COCTOHHHH. 

CoOTBeTCTBeHHO AJIH H0pMaJIH30BaHH0H CTajiH 40X MHHHMyM yCTajIOCT- 
HOH np0HH0CTH AocTHraeTCH npn £ = 8—12%, c AaJibHefluiHM B03pacTaHHeM 
BejiHHHHbi npeABapHTejibHOH Aec})opMauHH npeAeji BbmocjiHBOCTH TaioKe Ha- 
HHHaeT yBejiHHHBaTbCH h npn £>40% AOCTHraeT 3HaneHHH npeAejia BbiHO- 
CA II BOOTH CTajiH B HeAC({)OpMHpOBaHHOM COCTOHHHH. 


T a 6 ji h u a 7 


Pe3yjibTatbi HcnbitaHHfi CTajiH 45 Ha yciaaocTb 


OiHocHTe;ibHoe 
cy>KeHH e 

(y> %) 

OTHOCHTeJlbHOe 

y,HJiHHeHHe 

(e%) 

npeae^ bhhocjihbocth 

°-i to 
( kz / mm -) 

(K »/o) 

0 

0 

33,7 

1C0.0 

0,5 

0,6 

31,0 

92,0 

1,0 

1.0 

30,3 

£0,0 

1,4 

1,4 

30,0 

89,0 

2,6 

2,6 

30,1 

89,3 

4,0 

4,0 

30,6 

90,8 

4,5 

4,5 

30,9 

91,7 

6.0 

6,0 

31,4 

93,2 

7,7 

8.3 

32,3 

95,8 

10,7 

12,0 

33,7 

100,0 


Ta6jinua 8 


Pe 3 yjibTaTbi HcnbuaHHfi CTajiH 40X Ha yciaaocTb 


OTHOCHTeJlbHOe 
cy>KeHHe 
(xp %) 

OTHOCHTeJlbHOe 

y,zuiHHeHHe 

(e %) 

Hpe^eJl BblHOCJIilBOCTH 

°-l (O 

(kz mm' 1 ) 

(K o/„) 

0 

0 

36,5 

100 

7,4 

7,4 

29,0 

79,5 

10,9 

12,0 

28,9 

79,3 

20,4 

25,6 

32,0 

87,8 

29,0 

40,9 

36,5 

1C0.0 


TaKHM o6pa30 M, b orjimne ot npHBOAHMbix b jiHTepaType AaHHbix, yxa- 
3blBaK)mHX JIHHJb Ha B03paCTaHHe ycTajiocTHOH npOHHOCTH C yBejIMMCHHCM 
nJiaCTHHeCKOH Aec})OpMaUHH paCTH>KeHHH, B HaiHHX OnbITaX BbIHBJieHO CHH- 
>KeHHe npeAejia BblHOCJlHBOCTH nccjieAOBaHHbix ciajiefi npn yKaaaHHbix Bejni- 
HHHax njiacTHHecKOH Ae4)opMauHH. 

CjieAyeT OTMeTHTb, hto jiHTepaTypHbie AaHHbie, Kacaiomnecn bjihhhhh 
npeABapHTejibHOH njiacTHnecKOH Aec})opMauHH Ha ycTajiocTHyio npOHHOCTb, 
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BOo6me HeMHorowHCJieHHbT, a b OTHomeHHH >Ke oOjiacTH Majibix iuiacraue- 
CKHX /ie(J)OpMaUHH HBJ1HIOTCH COBepiIieHHO He^lOC' r aTO l IHbIMH. 

B aacTHocTH, HeodxoflHMo noflqepKHyTb ytfjioBHOCTb npOBeaeHna Ha 
rpatjjHKax (cm. pwc. 18) jiHHnft, coeAHHaiomHX tohkh, cooTBeTCTByiomHe e — 0 
H CSS 10%, npH OTCyTCTBHH npOMOKyTOHHblX 3HaaeHHH. npn H3JIHMHH >Ke 
(b eaHHHMHbix cjiyqaax) ^aHHbix, cooTBeTCTByiomHx MajibiM 3HaaeHHHM ^e- 
(*)0pMauHH, HanpHMep jv\n cTajin c 1,10% C (pnc. 18) npH e = c T (y npe- 
Aejia TeKyaecTH) h « = 2%, BbiaBJiaeTca b stom HHTepBajie OTcyTCTBHe poera 
npeaejia BbiHocjiHBocTH. 


6keimm 2 



Cjie^yeT TaioKe OTMeTHTb, hto b onacbiBaeMbix b jiHTepaType onbuax 
3aroTOBKH 06pa3U0B nocjie pacTH>KeHHH no/iBeprajmcb b pa6oneH nacTH 
AOnOJlHHTGJlbHOH MeXaHHHeCKOH 06 pa 60 TKG, HTO B CBH3H C nOBGpXHOCTHbIM 
HciKJienOM 0Ka3bIB3J10 BJIHHHHG H3 nOBblliieHHC npe^ejia BbIHOCJIHBOCTH CTaJIH. 

06Hapy>KeHHoe b HauiHX onbiTax hbjighhg CHH>KeHH5i ycTajiocTHOH npon- 
HOCTH npH MaJIbIX BGJIHHHHaX Tlpe^BapHTejIbHOH ^eC^OpMaiXHH paCTH^GHHH 
xapaKTepH3yeT, noBH/jHMOMy, npoHBjieHHe Ae(})opMauHOHHOH aHH30TpomiH 
h TpeSyeT jjajibHeHiuero H3yneHHH c yneTOM CTpyKTypHoro coctohhhh 
M eTajuia h npoHcxo^HLUHX b HeM H3MeHeHHH BCJieACTBHe njiacTHnecKoro 
Ae4>OpMHpOBaHHH. 

CjieAyeT OTMeTHTb, HTO HCCJie^OBaHHH (f)H3HHeCKHX CBOHCTB MOHOKpH- 
CTaJTJIOB aJTKDMHHHB, Me^H H J\pyTUX MeTaJIJIOB BbIHBHJIH HeKOTOpbie OC 06 eH- 
hocth xapaKTepa HaKJiena npn Majibix /je^opMauHnx [12], [13]. 

Hpn H3yHeHHH £e(|)OpMHpOBaHHbIX KpHCTajIJIOB ajIIOMHHHH B SJieKTpOH- 
hom MHKpocKone [13] 6buio OTMeneHo, hto npn Aecf)opMauHH MOHOKpHCTajijia 
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ajiioMHHHH Ha 4% bo Bcex Ha6jiio,a,aeMbix cjiyaanx „jihhhh“ CKOjib>KeHHH 

npHMOJIHHeHHbl, MeCT3MH BH^Hbl 3aMeTHbie HCKaJKeHHH 6JIOKOB B BHae 

HCKpHBJieHHH hx pe6ep h rpaHeft. IlpH OojibiuHX AecJjopMaimax (5 — 6, 10 — 12 
h 20%), nan h npn Majibix, cjienbi CKOJibweHHH, a Taione HCKpHBJieHHe 
pe6ep h rpaHen HaOjiKwaioTCH TOJibKO MecraMH. 




TaKHM o6pa30M, ajieKTpoHHOMHKpocKonHqecKoe HCCJieAOBaHHe mohokph- 
CTajiJioB no3BOJiHJio o6Hapy)KHTb xapaKTepHbie abjichha npH Majibix ruiacTH- 
vecKHx flectJopMauHflx. npeflCTaBJiaeT HecoMHeHHbift HHTepec npoBefleHne 
no,no 6 Hbix HCC^eflOBamiH, b coaeTaHHH c ApyrHMH MemaaMH cTpyKTypnoro 
anajiH3a, Ha /ie(})opMHpoBaHHbix nojiHKpHCTajuiHMecKHx MeTajiJiax. 

3aKJiK>HeHHe 

1. B cTaTbe paccMaTpHBaeTCH Bonpoc o b^hhhhh ripe/iBapHTejibHofi ruia- 
CTHHeCKOH A6(J)OpMaH,HH paCTHJKCHHfl H3 BbIHOCJIHBOCTb CT3JIH. 

3tot Bonpoc HBjiaeTCH aacTbio 6ojiee mapoKOH 3a^aHH HccjieAOBaHHH 
BJIHHHHH paBHOMepHOH H HepaBHOMepHOH njiaCTHieCKOH AecflOpMaHHH Ha 
yCTaJIOCTHyiO npOHHOCTb CT3JIH H HBJIfleTCH BeebMa aKTyajIbHblM AJIH MaiHH- 
HOCTpOeHHH, TaK KaK T3KHe Ae^OpMaUHH C03AaK)TCH B HOBepXHOCTHblX CJIOHX 
aeiajieft MauiHH npn coBpeMeHHbix Memnax noBepxHOCTHoro hx ynpoHHeHHH. 
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2. HeMHoroqncjieHHbie AHTepaTypHbie AaHHbie He aojot AOCTaToqHQ 
ofiocHOBaHHbix MaTepnajioB aah cy^eHHH o 3aBHCHMocra npe^ejia ycTa- 
JIOCTH CTaJIH OT BeJIH4HHbI npe^BapHTejIbHOH A^4 )0 P Ma UHH paCTH>KeHHH. 

OaHOH H3 npHHHH 3T0T0 HBAHeTCH HeCOBepUieHCTBO oOblHHO npHMeHHeMOH. 
MeTOAHKH onpeAeACHHH BejiHHHHbi npeABapHTejibHOH nAacraqecKoft aecbop- 
MaUHH. r 

Pa3pa6oTaHHan h H3Jio>KeHHaH b HacTonmeft cTaTbe MeTOAiiKa H3Mepe- 
hhh miacTimecKHx Aec})opMauHH b npouecce AetJiopMHpoBaHHH ocHOBaHa Ha 
tom, hto nepeMem,eHHH ToqeK imacTHqecKH A^^opMHpyeMoro Tejia npeo6pa- 
3yK)TCH b ynpyrne nepeMem,eHHH CTajibHOH miacTHHKH h perncTpHpyioTCH 
c noMoiubio HaKjieeHHoro Ha Heft TeH3onpoBOJiOHHoro abthhk3 h annapa- 
Typbi, npHMeHneMoft npa TeH30H3MepeHHnx. 

Pa3pa60TaH0 HeCKOAbKO KOHCTpyKTHBHbIX BapnaHTOB CXeM HSMepeHHH, 
no3Bo.iHK}iAHx npoH3BOAHTb H3MepeHHe Ae(J)opMauHft b npeAejiax ot 0,1—40%" 

6e3 nepedaHOBKH TeH30MeTpa. 

3. JlpOBeAeHHbie HCriblTaHHH Ha BbIHOCAHBOCTb (H3rH6 npH BpameHHH) 

o6pa3uoB HopMajiH30BaHHoft dajiH 45 h 40X, npeABapHTejibHo Aec})opMH- 
poBaHHbix pacTH>KeHHeM, B OTAHHHe OT npHBOAHMbix b AHTepaType AaHHbIX,. 
yKaabiBatoumx AHWb Ha pocT ycTajiocTHoft npoqHocTH c yBejinqeHHeM rma- 
CTHnecKoft Ae(J)opMauHH pacTHHveHHH, BbiHBHJiH CHHH^eHHe npeAeAa ycTajiocra 
HCCJieAOBaHHbix cTajieft npH MaAbix BejiHHHHax npeABapHTejibHoft nAacTHqe- 
CRoft AG(J)opMaii,HH (aah CTaAH 45 npH £=1,5 ;2 % Ha 11% h aah ct3ah 

40X npH £ = 8^-12% Ha 21%). 

CAeAyeT oTMeTHTb, hto b onbiTax, onncbiBaeMbix b AHTepaType, 3 aro- 
tobkh 06pa3U0B nocAe pacTH>KeHHH noABepraAHCb b pa6oqeft qacTH AonoA- 
HHTeAbHoft MexaHHqecKOH o6pa6oTKe; T3 khm o6pa30M, b sthx onbiTax KpoMe 
BAHHHHH AG(J)OpMaUHH paCTH>KeHHH HMeAO MeCTO TBKJKe BAHHHHe nOBepX- 
hocTHoro HaKAena ot MexaHHqecKoft o6pa6oTKH. 

HexoTopbie MaTepnaAbi aah o6T>HCHeHHH o6Hapy>KeHHoro hbachkh chh- 
>KeHHH npeAeAa BbiHOCAHBocTH npn MaAbix rmacTHqecKHX AecJ)opMauHHx 
pacTH>KeHHH AatoT npHBeAeHHbie b AHTepaType pe3yAbTaTbi 3AeKTpoHHO- 
MIIKpoCKOnHqeCKHX HCCAeAOBaHHft AGCj)OpMHpOBaHHbIX MOHOKpHCTBAAOB pHAa 
MeTaAAOB, BblHBHBLUHX XapAKTepHbie HBAeHHH npH M3AbIX nAacTHqecKHx 
AecJ)OpMaUHHX. 
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HHCTHTyT CTPOHTEAbHOH MEXAHHKH AKAAEMHH HAYK YCCP 

1953 CBOPHHK TPY/tOB 18 


CMA30HHblE MACJ1A KAK CPEflA, IIOHH}KAIOIU,Afl 
BbIHOCJIHBOCTb CTAJ1H 

r. B. KapneHKO 

LlHKVIHMeCKH HarpyJKeHHbIM CTSvTbHblM fleTaJIHM MaillHH OfjbtMHO ripHXOUHTCH paSOTaTb 
b OKpyateHHH KaiKHX-JiH(x> cpe/t, Morymux OKa3biBaTb B.iHHHHe Ha hx UHKJiHHecKyio npcm- 
Hocrb. B AaHHoii CTarbe, paccMaTpHBan cpeAbi, b KOTopwx npoTeKaeT pa6oTa uhkahmcckh 
Harpy>KeHHbix CTajibHbix AeTaAen, Mbi pa3AeAHAH hx Ha TpH rpynnbt no BHAy B03MO>KHoro 
HX B03AGHCTBHH Ha BbiHOCAHBOCTb CT3AH. 

npeAMAymHMH HaniHMH pa60TaMH [ 1 ] 6hao noKa3aHo, mo noBepxHocrHO-aKTHBHbie 
cpeAbi, onpy>Kaioiij,He ukkahhcckh Harpy>KeHHbie CTaAbHbie agthah, chhaoiot, H3-3a 
aAcop6uHOHHoro otfAerneHHH pa3pyineHHn h Ae(J>opMauHH TBepAbix TeA [2], BbiHOCAHBOCTb 
CTaAH. 3 to HBAeHHe Ha3BaHO HaMH aACOp6AHOHHOH y CT3 AOCTbK) . CTaTbH B OCHOBHOM nOCBH- 
meHa paccMOTpeHHio cMa30AHbix MaceA KaK noB e px hoc tho - a k th b h oh cpeAbi h B03MO>KHoro 
ee BAHHHHH B CHAy 9TOTO Ha BbiHOCAHBOCTb CT3AH. 


1. KJiaccH(j)HKauHH cpeA 

Cpe^a, OKpy>KaK)iuaH UHKjinqecKH Harpy>KeHHbiH MeTajiJi, MO>KeT bahhtb 
H a ero BbiHOCAHBOCTb. 3 t 0 BAHHHHe MO>KeT 6bITb K 0 pp 03 H 0 HHbIM, aACOpS- 
UHOHHbiM ah6o oxAaxvAaiomHM, KorAa cpe^a He hbahctch TenjioHocHTejieM *. 
B HeKOTopbix cAynanx cpe^a npaKTHnecKH He bahhct Ha BbIHOCJIHBOCTb 
MCTajiJia. 

Kopp 03 HOHHOe H HACOpSuHOHHOe BAHHHHe cpeAbi npHBOAHT K CHH>KeHHfO 
BbmocjiHBocTH MeTajuia, oxAa^Aaiomee BAHHHHe noBbimaeT BbIHOCJIHBOCTb 
[3 — 4]. Ha npaKTHKe OTAeAbHo h b hhctom BHAe 3 th hbachkh odbiHHo He 
Ha6AioAaioTCH; name Bcero cpeAa OKaabiBaeT Ha MeTajiji oAHOBpeMeHHO 
HecKOJibKo bahhhhh, OAHaKO oaho KaKoe-AH6o hbahctch npeo6AaAaiomHM 
AAH ashhoh cpeAbi h ee coctohhhh **. 

no BHAy npeofijiaAaiomero B 03 AencTBHH cpeAbi Ha ahkahhcckh Harpy- 
KeHHbifl MeTaAA, cpeAbi mo>kho pa3AejiHTb Ha Tpn rpynnbi: 

I. HeaKTHBHbie (cyxoii hhctwh B 03 Ayx, HHCTbie yrjieBOAopoAbi 
h t. n.); 

II. XHMHHeCKH-aKTHBHbie (BOAa H BOAHbie paCTBOpbl pa3AHH- 
HbIX 3 AeKTpOAHTOB). 

III. rioBepXHOCTHO-aKTHBHbl e*** (paCTBOpbl nOBepXHOCTHO- 
aKTHBHbIX BemeCTB B yrJieBOAOpOAax, HBAHKHUHXCH AH'SAeKTpHKaMH, H B He- 
KOTopbix CAynanx b BOAe). 

Bch Hayxa 06 ycTaAocra MeTaAAOB 6a3HpyeTcn Ha SKcnepHMeHTaAbHbix 
HCCAeAOBaHHHX pa 3 AHMHbIX MeTaAAOB npH HX UHKAHHeCKOH pa60Te B B 03 - 


* B cTaTbe paccMaTpHBaiOTCH cpeAbi, He HBAHiomHecH TenAOHOCHTeAHMH. 

** OxAa>KAaiomee BAHHHHe cpeAbi o6biHHO hbahctch ao m h h h p y lomu m TOAbKo b 30He 

Or pa H H H e H HO H BbIHOCAHBOCTH y UHKAHHeCKH BH3KHX CT3AeH, y KOTOpbIX Ha^AIOAaeTCH 
BecbMa bhcokhh HarpeB npH UHKAHHecKHX Harpy 3 Kax. 

*** XHMHqeCKH CAa 6 o aKTHBHbie HAH HeaKTHBHbie BQBCe. 
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ayxe Jia6opaTopHoro noMemeHHH. 3xox bha cpeAbi npaKxnnecKH He OKa3bi- 
BaeT BJIHHHHH H3 yCXaAOCXHyiO npOHHOCTb CX3AH H 6y*eX Hac HHTepeCOBaTb 

T0Hm 3 >> e "™ "P°Be«„aa » He# KOHTpoix 

(.paBHeHHH BAHHHHH APyrHX CpeA Ha BblHOCAHBOCXb. 

HeKOTopoe BHHMaHHe b Hayne 06 ycxaAocxn MexaAAOB yAejieHo bahh- 
™ ™I CK H H ; aKTHBHb,X *** {H rpynna CP ^’ K 0 PP 03 H 0 H- 

irm MexajiJiHHecKHx noBepxHocxnx, a h P h hhkjihhcckhx narpy- 

A6TajleH B 3 ™ X CPeAaX - HMeHHe X 0 PP 03 H 0 HH 0 H 

ycxajiocxH. 3 xh cpeAbi cnjibHO chhaoiox ycxajiocxHyio nponHocxb cxhah 
yHe C H M HeAOcxa a xov T HO MeXaHH3M pa3pyu,eHHfl 0T ™ppo3HOHHofi yexaAoexH h 3 - 

3 xa rpynna cpeA npe^cxaBjinex co6oro b ochobhom BOAHbie pacxBODbi 
CHAbHbIX H CJiaSbIX 3 AeKXpOAHXOB (HeopxaHHHeCKHX KHCAOX, SeAOHefl coTeft 

" P™ SET'S?" COeM “ eHHa) - 3 T31 “« ‘°*y- XapaKrepHoll ocZl 

HOGXbK) 3XHX cpeA HBjinexcH xo, nxo MOJieKyjibi pacxBopeHHoro Beuiecxsa 
HaXOAHXCH B cocxohhhh 6 ojibuieH hjih MeHbmefi AHCCOH.HaU.HH, KoxopaH 

n ecKHx ^pouecco^ 0 *" OJKHOCTb b hhx ko PP 03hohhL MexrpoZl* 

Tpexba rpynna cpeA BKjironaex b ce6n pa3jinnHbie pacxBopbi .noBepxHO- 
ciHo-aKXHBHbix BemecxB B >KHflK HX AH3JieKx P HKax (HanpHMep, B yrjieBOAO- 
poAax), H e Morymax npHBecxH k AHccouHauHH MojieKyji semecre b hhx 
pacxBopeHHbix. OAHaKO Henoxopbie BemecxBa, pacxBopeHHbie b AHSAeaxpuKe 
Bee >Ke Moryx Bbi3Baxb Koppo3HOHHbie npoueccbi, Koxopue ao nocjieAHero 
BpeMeHH oxhochjih k XHMHHecKHM Koppo3HQHHbiM npoueccaM, aHajIOrHHHhlM 
npoueccaM, npoxeKaioiHHM b cyxnx raaax. 

THHHIHblMH npeACXaBHXeAHMH 9 XOTO BHAa cpeA HBAHIOXCH CMaaonHbie 
M3CA3. Bahhhhk) noBepxHocxHo-aKXHBHbix cpeA, xanax Kan CMaaonHoe 
MacAo, Ha ycxaAocxHyjo npouHocxb cxaAH He yaejimiocb HHKaKoro bhhm3- 
hhh, B TO BpeMH Kax noAaBAHiomee 60 AbUJHHCXB 0 UHKAHAeCKH Harpy>KeHHbix 
AeTajieu MauiHH paSoTaeT hmchho b oxpy>xeHHH 3thx cpeA- 

Bee xpH rpynnbi cpeA OKa3biBaiox oxAajKAaromee BAHHHne Ha hhkah- 
necKH HarpyAceHHbiH MexaAA, Bbi3biBaa noBbimeHHe ero bhhocahbocxh, nxo 
B ochobhom 06-bHCHJiexcH H3MeHeHHeM penoiMa npoueccoB ynpOHHeHHH 
h oxAbixa. 3cpq)eKX axoro bahhhhh 33bhchx ox CHHnceHHH xeiwnepaxypbi noA 
DAHHHHeM CpeAbI H HagAlOAaeXCfl TAaBHblM o6pa30M y HHKAHHeCKH BH3KHX 
RiexaAAOB B oSAacxH orpaHnneHHOH bhhocahbocxh. >Khakh 6 cpeAH o6hhho 
ooAaAaKJx AyquiHMH oxAaacAaromHMH KanecxBaMH, Koxopwe xeM Bbiuie qeM 
HH^\e KHHeMaTHHeCKan BH3XOCTb CpeAbI. 

}KHAKan epe^a oobnmo coctoht ms AByx hjih HecKojibKHx KOMnoHeHTOB * 
pacTBopHTejiH H pacTBopeHHbix B neM BemecTB. PacTBopHTejiH acahtch H a 
ABe rpynnbi: Ha noAnpHbie, HanpHMep BOAa, h HenojinpHbie, HanpHMep hh- 
CTbie yrjieBOAOpoAU. AACop 6 uHOHHoe h Koppo 3 HOHHoe bahhhhc >xhakhx cpeA 
na UHKAHnecKH Harpy^xeHHyio MeTaAAHnecxyx) AeTaAb 3 aBHCHT nax ot 
pacTBopeHHbix BeuxecTB, Tax h ot xanecTBa pacTBopHTeAH. 

CpeAbi, OTHocnuxHecH k TpeTbefi rpvnne (cMa3onHbie Macjia) no caMOMy 
CBoeMy cymecTBy H e AOJi>KHbi BbiabiBaTb Ka K oro-AH6o aaMeraoro ko PP o3hoh- 
noro ACHCTBHH H3 MeT3AAbi, CpeAbi BTOpOH rpynnbi HBAHIOTCH THnH l IHbIMH 
npeACTaBHTeAHMH Koppo3HOHHo-arpeccHBHbix cpeA, upHneM oxna>KAaiou^He 
hx xanecTBa o6bRHo Bbiuie, neM y cpeA TpeTben rpynnbi. B to >xe BpeMH 
cpeAbi BTOpOH h TpeTben rpynn hbahiotch aAcop6uHOHHO>aKTHBHbiMH, Mory- 
liihmh AaTb xax (})H3Hnecxyio, Tax h b HexoTopbix CAynanx XHMHnecxvio 
aAcopouHio Ha noBepxHoc™ MeTaAAa. 

AacopSuhh H3 khakhx cpeA (pacTBOpoB) Ha rpaHHue MeTaAAa 6yact 
3aBHCeTb ot J 


Kf)OMe BOmUX Pa^BOpOB, K AHCCOUHaUHH S^eKipO^HTOB npHBOABT T3KHe P3CTBO- 
nocTOHHHoft K CnHpTbI ’ KeT0HbI > h Apyrne BemecTBa c BbicoKoft AH3JieKT P HqecK0H 
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a) xHMHqecKoro xapaxiepa pacTBopeHHoro BemecTBa — aAcopGTHBa; 

6) (j)H3HKO-XHMHHeCKHX OCOSeHHOCTefi paCTBOpHTeJIHJ 

b) <f)H3HqecKoro coctohhhh noBepxHOcra aAcop6ema (b iiameM cjiyqae 
noBepxHOCTH crajibHoii agtsjih). 

OTHOCHimiecH ko BTopofi rpynne cpeA CHjibHbie ajieKTpojiHTbi, ahcco- 
UHHpoBanHbie Ha iioHbi, na noBepxHOCTH TBepAOH (J>a3bi aACopSnpyioTCH 
B BHAe KaTHOHOB HJIH aHHOHOB, npHHeM aACOpdUHH nOCJieAHHX 06 bIHH 0 He 
OAHHaKOBa, h ajih Kax<Aoro BHAa hohob cymecTByeT cboh H30TepMa aAcop6- 
Ii,HH r — /(C). AACOp6UHH HOHOB H3 3T0H CpeAbI IipOTeKaeT nOA BO3ACHCTBH0M 

AByx poAOB chji: 

а) MOJieKyjinpHO-noBepxHocTHbix chji aAcopSeHTa (ksk h npH Bcex 
bhasx aAcop6uHOHHbix npoueccoB); 

б) 3JieKTpHHeCKHX CHJI, nOHBJIHIOIIUiXCH TOJIbKO B CJiyqae aACOp6UHH 
HOHOB. 

Cjia6bie 3JieKTpojiHTbi, AuccouHHpyiomHe b boahux pacTBOpax b MeHb- 
uieH cTeneHH, aAcop6npyioTCH uejibiMH MOJieKyjiaMH. 

H3 cpeA TpeTben rpynribi nosepxHOCTHO-aKTHBHbie BemecTBa aACOp6H- 
pyioTCH noA BjiHHHHeM MOjieKyjiHpHO-noBepXHOCTHbix chji aACopSeHTa 
UeAbIMH MOJieKyjiaMH. OAHaKO BHe 3aBHCHMOCTH OT Toro, aACOpfinpyiOTCH JIH 
HOHbi hjih uejibie MOJieKyjibi Ha noBepxHOCTH MeTajuia, sto HBJieHHe aoji>kho 
cHH>KaTb BbiHoejiHBoeTb cthjih b ciijiy oTKpbiToro eme b 1928 r. II. A. Pe- 
6nHAepoM [2] aAcop6uHOHHoro oSjierqeHHH AecJiopMauHH h pa3pymeHHH 
TBepABIX Tejl. Heo6xOAHMO HMeTb B BHAy, HTO HBJieHHe aACOp6UHH, KaK 
Tpe6yioLU,ee Majioro jiaTeHTHoro nepHOAa, npeAuiecTByeT jno6biM ApyrnM 
IIOBepXHOCTHblM HBJieHHHM, HanpHMep K0pp03H0HHbIM. 

2. CMa304Hbie MaCJia H HX KOpp03HOHHO- H nOBepXHOCTHO-aKTHBHbie 

CBOHCTBa 

B KaqecTBe THnnqHoro h Han6ojiee pacnpocTpaHeHHoro npeACTaBHTejin 
TpeTbeii rpynnbi cpeA 6yAyT paccMOTpeHbi cMa30HHbie Macjia. 3ia cpeAa, 
BbI3bIBan B OCHOBHOM aACOp6l],HOHHOe BJIHHHHe Ha BbIHOCJIHBOCTb HaXOAH- 
meftcH b Hefi CTajiH, b KaKOH-To Mepe Mo^eT OKa3biBaTb Kopp03HOHHoe 
h oxjia^Aaiomee B03AencT3He. B CHJiy 3Toro b yK33aHHOH rjiaBe 6yAyT pac- 
cMOTpeHbi Koppo3HOHHbie, nOBepXHOCTHO-aKTHBHbie h oxjia^KAaiomne xaqe- 
CTBa cMa30HHbix Maceji, npnqeivi nOBepXHOCTHO-aKTHBHbie KanecTBa 6yjxyr 
xapaKTepH30BaTbCH cMa30UH0H cnoco6HocTbio Macjia. 

CMa30HHbie Macjia hbjihiotch MexaHHHecKOH CMecbio pa3jiHHHbix Heax- 
THBHblX yrjieBOAOpOAOB, COCTOHIHJIX H3 CHMMeTpHHHO nOCTpoeHHbIX MOJieKyjI. 
OAHaKo Macjia He npeACTaBjinioT C06010 HHCTbix yrjieBOAOpOAOB, a 3arpn- 
3HeHbI OpraHHHeCKHMH KHCJIOTaMH, CMOJiaMH, aC(pajIbTeHaMH H ApyrHMH 
noBepxHocTHO-aKTHBHbiMH BemecTBaMH. 

Macjia MHHepajibHoro nponcxoJKAOHHH b ochobhom coctoht H3 HacpTe- 
HOBbix yrjieBOAOpOAOB c pa3jiHHHbiM coAepHvaHHeM 6oKOBbix uenen. B sth 
M acjia Mo>KeT BxoAHTb ao 10 — 15% yrjieBOAOpOAOB apoMaTHnecKOH 
rpynnbi [5]. KaqecrBo Macjia 3aBHCHT ot Tex yrjieBOAOpOAOB, KOTopbie bxo- 
Aht b ero cocTaB, oAHano oueHKa Macjia ofibinHO npoH3BOAHTCH He na ocho- 
b 3 hhh hx XHMHqecKoro aHajiH3a, a Ha ocHOBaHHH onpeAejieHHH hx cJ)h3hko- 
XHMHqeCKHX KOHCTaHT, HTO 06'bHCHHeTCH 60JIbIIIHM pa3H006pa3HeM yrjieBO- 
AOpOAOB, B HHX BXOAHIUHX, H TpyAHOCTbK) hx onpeAOJioHHH *. 

MaCJia paCTHTeAbHO->KHBOTHOrO npOHCXOH^ACHHH COCTOHT H3 TJIHUepH- 
AOB, npeACTaBAHiouinx coSoio coeAHHeHHe TpexaTOMHoro cnnpTa - — rjmue- 
pHHa (C 3 H 5 (OH) 3 ) C BblCUIHMH HaCbimeHHbIMH H HeHaCblllXOHHblMH >KHpHbIMH 
KHCAOTaMH, T. e. 3TH MaCJia HBAHIOTCH 3(})HpaMH JKHpHbIX KHCJIOT. 


* Edb HecKOJibKo KJiaccH^HKauHH Maceji no xHMHMecKOMy cocTaBy, oziHaKa Ha npax- 
THK6 O^blHHO HHTepeCyiOTCH (J)H3HKO-XHMHqeCKHMH KOHCTaHTaMH, nO3BOJIHI0mHMH JierKO 
K/iaCCH^HUHpOBaTb Macjia. Heo6xO-AHMO OTMeTHTb, HTO 3TH KOHCTaHTbl He BKJIK)qaK)T 
b c e(5n Taxyio Ba>KHyto xapaKTepHCTHKy Macaa, KaK ero MacaHHHCTOCTb. 
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B codaBe MaceA pacTHTejibHO->KHBOTHoro npoHCXo>KAeHHfl BCTpenaeTCH 
60 JIbUJ 0 e KOJIHHeCTBO HIHUepHAOB pa3AHHHbIX >KHpHbIX KHCAOT, npHHaA^e- 
>KamHX rjiaBHblM o6pa30M K npeAeJIbHbIM OAHOOCHOBHbIM KHCAOTaM >KHp- 

Horo pHAa C n H 2 , n+ iCOOH. Han6ojiee nacTO BCTpenaioTCH rjmuepHAbi naAb- 
MeTHHOBOH (C 3 H 5 (Ci 6 H 3 l0 2 ) 3 ) H CTeapHHOBOH (C 3 H 5 <Ci 8 H 350 2 ) 3 ) KHCAOT, 
cocTaBAHK>mHx ocHOBy TBepA^ix >KHpoB. B >khakhx MacAax BecbMa pacnpo- 
CTpaHCH TAHUepHA OACHHOBOH KHCAOTbl (HenpeAeAbHOH OAHOOCHOBHOH 

khcaotw pHAa C^H 2n -iCOOH). KacTopoBoe MacAo, oaho H3 HanOoAee pac- 
npOCTpaHeHHblX CMa30HHbIX MaceA paCTHTeAbHOrO npOHCXO^KAeHHH, COCTOHT 
B OCHOBHOM (AO 80%) H3 TAHUepHAOB pHIJHHOAeBOH KHCAOTbl [6]. 

JIj\ H TAHUepHAOB XapaKTepHa peaKAHH OMblAeHHfl, npH KOTOpOH CAO>K- 
HblH 3(J)Hp-TAHUepHA nOA BAHHHHeM TCMnepaTypbl npHCOeAHHHeT K ce6e 
BOAy H pacmenAHeTCH Ha >KHpHbie KHCAOTbl H CnHpTbl. 

B cocTaBe CMa30HHbix MaceA AonycKaioTCH b orpaHHneHHbix koahhc- 
CTBaX BecbMa nOBepXHOCTHO-aKTHBHbie, COCTaBAeHHbie H3 AH(})HAbHbIX MOAe- 
KyA OpraHHHeCKHe KHCAOTbl B BHAe CBOOOAHbIX >KHpHbIX KHCAOT H B BHAe 
Ha(})TeHOBbIX KHCAOT *. IlepBbie COAep>KaTCH B MaCAaX paCTHTeAbHO->KHBOT- 
Horo npOHCXOACAeHHH, BTOpbie — B MHHepaAbHbIX MaCAaX. 

OpraHHnecKHe khcaotw, HaxoAHmHecn b MacAax, HecMOTpn Ha CAa6o 
BbipaH\eHHbie KHCAOTHbie CBOHCTBa, MOryT BbI3BaTb npH HX B03ACHCTBHH Ha 
MCTaAAbi o6pa30BaHHe MeTaAAOopraHHnecKHX coeAHHeHHH b BHAe MeTaAAH- 
i iecKHx mwa. KoppoAHpyfouxee AencTBHe opraHHHecKHx khcaot, hbxoah- 
LAHXCH B MaCAe, 6yAeT 3aBHCeTb OT HX KOHUeHTpaAHH. BoAee aKTHBHbIMH 
B OTHOUieHHH OKHCAeHHH MeTBAAH HBA5HOTCH He(j)TeHOBbie KHCAOTbl, npHHCM 
Han6oAee noABep>KeHbi hx oKHCAHiomeMy bo3Achctbhk) uhhk h CBHHeu, b to 
speMH Kax CTaAb oraocHTeAbHo cAa6o pearnpyeT Ha hx AeficTBHe. 

B MHHepaAbHbix CMa30HHbix MacAax AonycKaeTCH HeOoAbman opraHH- 
necKan khcaothoctb, paBHan 0,2 ms KOH, KOTopan npaKTHnecKH He ona- 
3biBaeT KoppoAHpyioLixero AeftcTBHH Ha MeTaAAbi npn TeMnepaTypax ao 
100— 120° C [7]**. 

B MacAax pacTHTeAbHO->KHBOTHoro npoHcxo>KAeHHH AonycKaeTCH 6oAee 

BbICOKHH npOUeHT JKHpHbIX KHCAOT. HanpHMep, KHCAOTHOCTb KaCTOpOBOTO 

MacAa AonycKaeTCH ao 2 ms KOH [5]. 3to MacAo Bee nee He npHMeHneTCH 

AAH KOHCepBaiXHH AeTaAeft, TaK KaK npH AAHTeAbHOM COnpHKOCHOBeHHH c Me- 
TaAABMH MO>KeT BbI3BaTb HX KOpp03HK). OAHaKO nOCAeAHHH B OCHOBHOM 

B 03 HHKaeT He ot HMeiomencH khcaothocth MacAa, a ot ee noBbimeHHH npn 
AAHTeAbHOM COnpHKOCHOBeHHH c B03AyxoM b tohkoh nAeHKe, noKpuBaiomen 
Ae TaAb. 

IlleAOHH H MHHepaAbHbie KHCAOTbl B CMa30HHbIX MaCAaX COBepmeHHO 
ne AonycKaioTCH, TaK khk MoryT Bbi3BaTb cHAbHyio KOppo3Hio cMa3biBaeMbix 
MeTaAAHHecKHx noBepxHocTefl. 

H3 npHBeAeHHOH BblHie Kp3TKOH XapaKTepHCTHKH CMa30HHbIX MaceA 
cAeAyeT, hto ohh aoa>khm 6biTb npaKTHnecKH HeHTpaAbHbiMH b OTHOUieHHH 

HX KOpp03HOHHOTO B03ACHCTBHH Ha MeTaAAbi. 

KoHCHCTeHTHbie CM33KH TBK>Ke He AOA>KHbI BAHHTb XHMHHeCKH Ha CMa- 
3bIBaeMbie nOBepXHOCTH MeTBAAOB. BoAbUIHHCTBO KOHCHCTeHTHbIX CM330K 
HsroTOBAHeTcn H3 MHHepaAbHbix MaceA nyTeM hx 3arymeHHH TAaBHbiM o6pa- 
30M KaAbUHeBbIMH AH6 o HBTpHeBblMH MbIAaMH. 3 tH MbIAa H3TOTOBAHIOTCH 
H3 pa3AHHHbIX paCTHTeAbHbIX H >KHBOTHbIX MaceA H JKHpOB, T3KHX KaK 

KacTopoBoe, cypenHoe, xAonKOBoe MacAa, cbhhoc caAO h t. n. H3 toto* 
BAHIOTCH MbIAa T3K>Ke H3 CBOSOAHbIX >KHpHbIX KHCAOT. 

3aryCTHTeAH — MbIAa, BXOAHmne B COCTaB KOHCHCTeHTHbIX CMH30K, He 
AaioT npocTbix MexaHHnecKHX CMecen c MHHepaAbHbiMH MacAaMH, a aoajkhw 


* 06a 3TH BH^a KHCJTOT OTHOCHTCH K COeAHHeHHHM, COAep>KamHM Kap6OKCHJIbHyi0 
rpynny [7]. 

** Ha(})TCHOBbie khcjioth oco6eHHo He>KejiaiejibHH npn bo3mo>khocth nonaAaHHH 
B M3CJTO BO AW* 
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06p330BbIBaTb CJIOHttibie KOJIJIOHAHbie CHCTeMbI C OnpeACJieHHOH CTpyKTypOH, 
BJIHHK>meH Ha CBOHCTBa CMB3KH. KaK H BCe KOJIJIOHAHbie CHCTeMbI, KOHCH- 
CTeHTHbie CMB3KH COCTOHT H3 RByX (J)a3: nepBOH, AHCnepCHOHHOH $a30H 
HBJIHIOTCH MHHepajIbHbie MaCJia, BTOpOH, AHCnepCHOH (J)a30H — MeTaJIJIO- 
OpraHH^eCKHe COeAHHeHHH }KHpHbIX KHCJIOT (MbIJia), COCTaBJIHIOLUHe AO 
8 — 10% no Becy, a Taione b HeOojibuioM mimnecTBe TBepAbie yivieBOAO- 

pOAbl, BOCKH H T. II. 

KoHCHCTeHTHbie CMB3KH, nojiyneHHbie nan Ha KajibuneBoft ocHOBe (Ha3bi- 
BaeMbie cojihaojibmh), Tax h Ha HaTpneBoft ocHOBe (Ha3biBaeMbie KOHcra- 
JIHHaMH) , He AOJttKHbl COAep>KaTb CB 060 AHbIX OpraHHqeCKHX KHCJIOT H BbI3bl- 
BaTb K0pp03HK) CMa3hJBaeMbIX nOBepXHOCTeft. CBOdOAHbie >KHpHbie KHCJIOTbl 
H LUeJIOHH, BbI3bIBan K0pp03HK) MeTajIJIHHeCKHX nOBepXHOCTeH, KpOMe TOTO 
AencTByioT Ha KOJiJioHAHyio cipyKTypy KOHcnereHTHoft cmb3kh; mejioqn 
Ebi3biBaiOT aiHnaHHe AHcnepciibix qaeniu — hx arpernpoBaHHe, a KHCJIOTbl, 
nao6opOT, cnocodcTByioT nenTH3auHH CMa3KH — nepexoAy ee H3 TBepAoft 
B JKHAKyiO (f)a3y. ric^TOMy CBOfiOAHbie KHCJIOTbl B KOHCHCTeHTHbIX CMa3Kax 
a6cojnoTHo HeAonycTHMbi, a mejionn hhotab AonycKaiOTCH b He3HanHTej]b- 
HblX KOJIHHeCTBaX RJIK HeHTpajIH3aUHH B03M0>KHbIX npOAyKTOB OKHCJieHHH. 

B03M0>KH0H npHHHHOft, BbI3bIBaiOIIl,eft K0pp03H0HH0e ACHCTBHe CM33KH, 
Momer 6biTb HajiHHHe b Heft boah, TaK xaK boas HBjineTCH xopouiHM Kaia- 
JIH3aTOpOM OKHCJieHHH CMa3bIBaeMOH nOBepXHOCTH MeTaJIJia KHCJIOpOAOM 
B03Ayxa. 

OAHano nonaAaHHe BjiarH b cojihaojih He onacHO, Tan Kan KajibuneBbie 
MbiJia b CMecn c MHHepajibHbiMH MacjiaMH npn nonaAaHHH b hhx BOAbi 
o6pa3yioT 3MyjibCHH BToporo poAa, t. e. Macjia o6pa3yioT Hapy>KHyio ^>a3y, 
a BOAa BHyTpeHHioio, noaTOMy MeTajumnecKne nOBepXHOCTH, CMa3aHHbie 
coAHAojiaMH, coAep>Kauj,HMH BOAy, BcerAa 6yAyT conpHKacaTbcn c MacjioM, 
a He c boaoh. 

JX pyroe nojio>KeHHe SyAeT Ha6jnoAaTbCH npn CMa 3 biBaHHH MeTajumqe- 
ckhx noBepxHocTen KOHCTajiHHaMH. HaTpHeBbie MbiJia, pacTBopnHCb b boac, 
6yAyT cnoco6cTBOBaTb noAseAeHHio BjiarH k MeTajuinnecKHM nOBepXHOCTH m. 
rio3TOMy npHMeHeHHe KOHerajiHHOB bo Bjia^KHofi cpeAe hjih npn bo3Mo>k- 
HOCTH nonaAaHHH H3BHe BOAbi HeAOnyCTHMO. 

Bee BbiuiecKa3aHHoe o KOHCHCTeHTHbix CMa3Kax noKa3biBaeT, mo ohh, 
TaK me kbk h mnjxKne Macjia, AOJi>KHbi hbjihthch cpeAoft npaKTHnecKH Heft- 
TpajibHon b oTHoiueHHH Koppo3HH b Heft MeTajIJIHHeCKHX AeTajieft. 

FIoBepxHocTHaH aKTHBHOCTb CMa30HHoro Macjia oco6eHHO Ba>KHa npn 
rpaHHHHOM TpeHHH hjih npn CMa3Ke TOHKoft njieHKoft; 0Ha Ha3biBaeTCH 
MaCJIHHHCTOCTblO, HJIH CMa30HH0ft Cn 0 C 06 H 0 CTbK) MaCJia. MaCJIHHHCTOCTb 
CMa30HHoro Macjia 3aBHCHT ot ero cnoco6HOCTH o6pa30BbiBaTb nponHbie 
aACopOnpoBaHHbie njieHKH Ha cMa3biBaeMbix noBepxHOCTHx h CBH3aHHbie 
C HHMH OTHOCHTeJIbHO TOJICTbie COJIbBaTHbie CJIOH CM33KH, KOTOpbie pa3T>eAH- 
HHIOT TpymneCH nOBepXHOCTH *. 

Axa a. n. A. Pe6HHAep [8] onpeAejmeT MaCJIHHHCTOCTb xax cnocoSHOCTb 
MeTajuia CBH3biBaTb AoeraTonHo TOJicTyio h npoHHyio njieHKy CMa3onHoro 
Macjia, Bbi3biBaioiAyio noHHHceHHe TpeHHH h npeAOxpaHHiomyio ot H3Hoca, 
C OAHOft CTOpOHbl, H, C ApyrOH CTOpOHbl, COnpOTHBJIHK)myiOCH pa3JIHHHbIM 

pa3pyuiaiomHM ee B03AeftcTBHHM. B. JX- Ky3HeuoB [9] noAnepKHBaeT, hto 

MaCJIHHHCTOCTb CMa30HH0r0 MaCJia HBJIHeTCH ero CKpbITbIM CBOftCTBOM, npo- 
HBJIHIOmHMCH TOJIbKO npH HaJIHHHH TpeHHH Me>KAy AByMH TBepAbIMH nOBepX- 
HOCTHMH, CMa3aHHbIMH 3THM MaCJIOM. Heo6xOAHMO OTMeTHTb, HTO o6lU,enpH- 
HHTOro OnpeAeJieHHH MaCJIHHHCTOCTH HeT. 

AAcop6uHOHHan cnocodHocTb CMa30HHbix Maceji b ochobhom 33bhcht 


* riOHHTHe MaCJIHHHCTOCTH, OHeBH^HO, BKJIIOHaeT B Ce6fl HBJieHHH KaK (})H3HqeCKOH v 
TaK H XHMHHeCKOH aACOp 6 lIHH. AeHCTBHTeJIbHO, npH CMa3Ke aKTHBHpOBaHHbIMH MacjiaMH, 
OCJiaAaiOmHMH BbICOKOH MaCJIHHHCTOCTblO, H3CTO COBepUieHHO HCB03MO}KHO BOCCTaHOBHTb 
nepBOHanajibHyio noBepXHOCTb MeTajuia, He yAaJiHB ero BepxHero cjioh. 
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ot HajiHHHH b hhx noAHpHbix MOAeKyA c aKTHBHbiMH rpynnaMH (OH, COOH 
H T. n.), K KOTOpbIM OTHOCHTCH MOJieKyjlbl >KHpHbIX KHCAOT, CIlHpTOB, aAbAe- 
THAOB, KeiOHOB, CMOJ1 H T. D. BemeCTB, HaXOAHUUIXCfl B MaCJiaX B BHAe 
3arpH3HeHHH *. 

OAHaKo MacAa, He coAepAxamne BOBce noBepxHOCTHo-aKTHBHbix MOAe- 
KyA (HanpHMep, onnmeHHoe Ba3eAHHOBoe mscao) h coctohluhc, CTaAO 6 biTb, 

H3 OAHHX HHCTbIX yTAeBOAOpOAOB pHAOB C„H2« HAH Q,H2 fl +2, TBIOKe CnO- 

co 6 Hbi aAcopbupoBaTbCH Ha MeTaAAHqecKOH noBepxHocTH. 3 Ta aACopOuHH 
npOHCXOAHT nOA BAHHHHeM nOAflpH 3 aH,HH HeaKTHBHbIX yrAeBOAOpOAHbIX 
MOAeKyA 3 AeKTpHHeCKHM nOAeM MeTaAAHHeCKOH nOBepXHOCTH. OAHaKO 
aACopSunn TaKoro BHAa MOAeKyA ne AaeT nponHbix aAcop 6 HpoBaHHbix nAe- 
HOK Ha TpyiAHXCH nOBepXHOCTHX, H 3 TH MaCAa He MOryT CAy^KHTb H 3 A£>K- 
HblMH CMa 30 HHbIMH MaTepHaAHMH. 

H 3 CKa3aHHoro CAeAyeT, hto CMa30HHbie MacAa hbahiotch noRepxHo- 
CTHO-aKTHBHblMH CpeASMH, npHHCM HX aKTHBHOCTb 3aBHCHT OT KOAHHeCTBa 
nOAHpHbIX MOAeKyA, COAep>KaiAHXCH B HHX **. 

AKTHBHOCTb pa3AHHHbIX MaCeA HeOAHHaKOBS, H OHB MO>KeT H3MeHHTbCH 
y oahoto h Toro >Ke MacAa npn ero SKcnAyaTauHH. Tan, HanpHMep, npn 
pa6oTe MacAa b ABHraTeAe BHyTpeHHero cropaHHH b MacAe nponcxoAHT npo- 
ueccbl OKHCAeHHH H nOAHMepH3aU.HH, B pe3yAbTaT6 KOTOpbIX 06pa3yK)TCH 
CBo60AHbie KHCAOTbl, CMOAbI, aC(f)aAbTeHbI H T. n. OcoOeHHO nOABep>KeHbI 
H3MeHeHHK) MaCAa paCTHTeAbHO->KHBOTHOrO npOHCXOA<AeHHH, O HeM TOBOpH- 
Aocb Bbime. Tan, HanpHMep, pacmenACHHe TAHuepHAOB npHBOAHT k 3HawH- 
TeAbHOMy yBeAHneHHK) noBepxHocTHofi aKTHBHOCTH 3 thx MaceA 3a CHeT 
nOHBAeHHH nOAHpHbIX MOAeKyA C THApOKCHAbHblMH H KapOOKCHAbHbIMH 
rpynnaMH. 

FIoBepxHocTHafl aKTHBHOCTb MaceA HBAneTCfl noAo>KHTeAbHbiM ero Kane- 
CTBOM C TOHKH 3 peHHH CM 330 HH 0 H TeXHHKH. HeM OOAbllie B MaCAe MOAeKyA 
c aKTHBHbiMH rpynnaMH, t. e. neM 6 oAbine MacAO aKTHBHpoBaHO, TeM Bbime 
ero MacAHHHCTOCTb h TeM SoAbuie oho CHH>KaeT TpeHHe, oco 6 eHHO b rpa- 
hhhhoh ero (J)a 3 e. OAHaKo 3 Aecb hcoOxoahmo oroBopHTbcn, hto cymecTByeT 
OnpeAeAeHHblH OnTHMyM, pa 3 AHHHblft AAH pa 3 HbIX nOBepXHOCTHO-aKTHBHbIX 
BemecTB, yBeAHHeHHe cBbime KOToporo coAep>KaHHH sthx BemecTB b MacAe 
He npHBOAHT K yBeAHHeHHK) ero MaCAHHHCTOCTH. 

3aBHCHMOCTb MacAHHHCTOCTH ot aAcop6uHOHHOH oiocoShocth noBepx- 
HOCTHo-aKTHBHbix BemecTB, coAep>KamHXCH b MacAe, noATBep>KAaeTCH nccAe- 
AOBaHHHMH aKaA- n. A. PednHAepa h H. A. KaAHHOBCKOH [10] CMa 3 biBaio- 
mero AencTBHH MaceA b tohkhx nAeHKax (aACopfiuHOHHan CMa 3 biBaeM 0 CTb) . 
HccAeAOBaHHH noKa3aAH, hto aah 6oAbuiHHCTBa MeTaAAOB*** npn CMa 3 Ke 
tohkoh nAeHKon (aACop6uHOHHoro nopHAKa toahxhhbi) kos^huhcht Tpe- 
hhh yMeHbmaeTCH c yBeAHnenneM KOHueHTpaunn noBepxHOCTHo-aKTHBHbix 
BenxecTB b HenoAnpHoft yrAeBOAOpOAHOH >khakocth hah BOAe, npnneM H30- 
TepMa CMa3biBaiomero AeficTBHH BnoAHe napaAAeAbHa H30TepMe aACopOunn, 
h CMa3biBaioHj,aH cnocodHocTb B03pacTaeT no Mepe nepexoAa ot oahoto 
noBepxnocTHO-aKTHBHoro BemecTBa k ApyroMy BemecTBy Toro >Ke tomoao- 
rnnecKoro pHAa corAacHo npaBHAy Tpay6e. 

3 to HCCAeAOBaHHe npeACTaBAneT OoAbmyio ueHHocTb, Tan KaK oho 
noKa 3 aAO, hto npn CMa 3 Ke tohkoh nAeHKOH ocHOBHoe 3 HaneHne hmckdt 
3 aKOHbI aACOpdmiH nOBepXHOCTHO-aKTHBHbIX BemecTB H 3 paCTBOpOB, HX 
COAepAOLUHX. 


* Hco6xoahmo HMeTb b shay, 1110 aACop6uHH MaceA Ha MeTaAAHqecKHx noBepxnocTHx 

33 BHCHT He TOAbKO OT KHMeCTBa MaCAa, HO H OT (j)H 3 HHeCKOrO COCTOHHHH H XH MHHeCKOTO 
cocTasa MeTaAAnqecKHx noBepxHocTen. 

** riyTCM nponycKaHna MacAa Mepe3 MeTaAAnqecKHH nopomoK mojkho aACOp^HpOBaTb 
na nopoiiiKe noBepxnocTHO-aKTHBHbie MOAenyAbi, qeM 3HaqHTeAbno yxyAinaeTCH cMa30HHoe 
KaaecTBo MacAa. 

*** McKAioMCHiie npeACTaBAHGT aAioMHHHH, BeAymnn ce 6 a aHOMaAbHo: yBeAHqeHHe 
KOHUeHTpaUHH nOBepXHOCTHO-aKTHBHbIX BemecTB yBeAHMHBaeT K 03 (})(})HUHeHT TpeHHH. 
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A£COp6HpoBaHHbiH na MeTajumnecKHx noBepxHocTHx cjioh Macjia peAxo 
<3bIBaeT MOHOMOJiexyjIHpHblMJ o6blHHO OH COCTOHT H3 HeCKOJIbKHX pHAOB 
noBepxHocTHO-aKTHBHbix MOjiexyji. Kax noxa3ajm onbiTbi A. C. AxMa- 

TOBa [11], Ha noBepxHOCTH TpeHiin MeTajiJia xax 6bi axxyMyjinpyioTCH no- 
BepxH0CTH0-aKTHBHbie BemecTBa, coeraBjiHH aACop6imoHHyio njieHxy 
B HeCKOJlbKO AGC5ITKOB MOJiexyjIHpHblX pflAOB. 3 th IIOBepXHOCTHO-aKTHBHbie 
Bem,ecTBa, no mhchhio A. C. AxMaTOBa, 3anojiHHioT MnxpoBnaAHHbi Tpy- 
HJ.HXCH nOBepXHOCTeH, npHBOAH 3THM K HHBCJIJIHpOBXe MHXpOnpO(})HJIH 

h Aejian ero HAeajibHO rjiaAXHM, b cnjiy Hero CHH>xaeTCH TpeHne *. 

AAcop 6 HpoBaHHbie nojinpHbie BemecTBa H3 Macjia Ha noBepxHocTHx 
TpeHHH HaxOAHTCH B KBa3HTBepAOM COCTOHHHH [11]; OHH C03Aai0T njieHKy 

C pe3KO aHH30Tp0nH0H CTpyKTypOH H AO- 

BOJIbHO COBepmeHHOH CnaHHOCTbfO. 3iy 

njieHxy TpyAHo npo6nTb nepneHAHxyjinpHO 
cnaftHOCTH MeTajijiHHecKHM rpe6euiKOM mh- 
KpOHepOBHOCTeH TpyiAHXCH nOBepXHOCTeft, HO 
OTHOCHTeJIbHO JICTXO CABHHyTb xacaTejibHo 
k noBepxHOCTH, noAo6HO CABHry xojioahi 
xapT [12] **. HHTepecHo, hto h 3JiexTpHne- 
CKHe CBOHCTBa aACOp6HpOBaHHOH nJieHKH 
Macjia Ha TpymHxcn noBepxHocTHx pa3jinn- 
Hbi b AByx B3aHMHO nepneHAHxyjinpHbix Ha- 
npaBjieHHHX. Tax, aACopSnpoBaHHaH njieHxa, 
noAo6Ho sjiexTpHHecxoMy BeHTHjno, npony- 
cxaeT tox npeHMymecTBeHHo b oahom Ha- 
npaBjieHHH [12]. 

PaccMOTpuM Tenepb noBeAeHHe Han 6 o- 
Jiee xapaxTepHoro noBepxHocTHO-axTHBHoro 
BemecTBa, pacTBopeHHoro b HeaxTHBHbix 
yrjieBOAopoAax npH ero aACop 6 n,HH Ha xpymnxcH MeTajijmqecxHX noBepx- 
HOCTHX. K TaKHM rTOBepXHOCTHO-aXTHBHbIM BenxeCTBaM, nOBbILUaK)HJ,HM MaCJIH- 
HHCTOCTb CMa30HHbIX MaCejI, OTHOCHTCH npejKAC BCerO >KHpHbie XHCJIOTbl, 
npeACTaBjiHiomHe C 06010 yrjieBOAopoAbi, b Mojiexyjie xoTopbix oahh aTOM 
BOAOpOAa 3aMemeH xap 6 oxcHjibHOH rpynnoH. Mojiexyjia >xnpHbix xhcjiot 
HMeeT cneuH(j)HHecxyio MeaHApOBHAHyio (J)opMy; Ha oahom ee xonue Haxo- 
AHtch xap 6 oxcHjibHaH rpynna (COOH), a Ha ApyroM — MemnbHan rpynna 
(CH 3 ), coeAHHeHHbie uenonxoH yrjieBOAopoAHbix (MeTHjieHOBbix) rpynn 
(pHC. 1). Mojiexyjlbl )KHpHbIX XHCJIOT HMeiOT nOCTOHHHblH AHnOJIbHblH MO- 
MeHT, HocHTejieM xoToporo HBjineTCH xap 6 oxcHJibHan rpynna, npHneM BejiH- 
HHHa 3TOTO MOMeHTa 33BHCHT OT nOJIO>XeHHfl aTOMa BOAOpOAa, yBeJIHHHBaHCb 
npn ero cbo6oahom BpaujeHHH [14]. 

^KJnpHbie XHCjioTbi, coAep>xam;HecH b cMa30HHbix wacjiax, MoryT ASBaTb 
aACop6uHio na MeTajiJiHHecxHX noBepxHocTHx xax (J)H3HHecxoro, Tax h xhmh- 
necxoro xapaxTepa. Mo>xho npeAnojiaraTb, hto (})H3HHecxaH aAcopOunn npn 
HOpMajibHbix TeMnepaTypax CMa30HHoro cjioh npeoSjiaAaeT HaA xeMocop6- 
UHeft, Tax xax h3bcctho, hto npn OTHOCHTeJIbHO hh3xhx TeMnepaTypax Ha- 
6.iiioAaeTCH b ochobhom (f)H3HHecxaH aAcop6u,HH, xoTopan c noBbimcHHeM 
TeMnepaTypbi nocxeneiiHo ycxynaer MecTO xeMocopSmni [15]. 

XeMocopSuHH xapaxTepH3yeTCH H36HpaTejibHocTbio, npnneM 6ojibinaH 
HHTencHBHocTb ee nafijiioAaeTCH b MecTax c HapymeHHeM CTexHOMeTpnn- 
hocth pemeTXH MeTajiJia, HanpHMep, b MecTax BXjnoneHHH, a Tax>xe Ha 

* TpHAAH [13] yCTaHOBHjI B03M0>KH0CTb o6pa30BaHHH IlOA BAHHHHCM B3aHMOACHCTBHJI 
3JieKTpH4ecKoro noJiH MeTajuinnecKoA noBepxHOCTH c noAHpHbiMH coe ah h e hhb m h aACOip6n- 
paBaHHoro caoh, cocTOHmara H3 400 — 500 phaob MOAexyA. 

** Pa6oTa, Heo6xOAHMaH AAH OTAGAeHHH KapOOKCHAbHbIX OpHeHTHpoBaHHbrx IIJieHOK, 
AOCTHraeT 9000 KaA Ha rpaMM-MOAeKyAy He3aMemeHiHofi ranpHOH khcaoth, a aah npeoAO- 
AeHHH CHA npHTHJKeHHH B HeilOAHpHOH nAOCKOCTH BCerO AHIHb 1790 KaA Ha rpaMM-MOAe- 
KyAy [13]. 
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IlHKaX MHKpOlUepOXOBaTOCTH H T. n. [16]. OqeBHAHO, MOH\HO B OCHOBHOM 
Q/KttJX'dTb XeMOCOpCUHIO >KHpHbIX KHCJIOT Ha MeTaAAHHeCKHX TpyiUHXCH no- 
BepxHOCTHX b MecTax noBbimeHHbix JiOKajibHbix AaBAeHHH, r^e pa3BHBaioTCH 
npn TpeHHH BbicoKHe TeMnepaiypbi. B sthx MecTax CBH3b KapSoKCHjia MOJie- 
Kyjlbl ^KHpHOH KHCJlOTbl C IlOBepXHOCTHblMH 3-JieMeHTaMH peilieTKH MeTaJlJia 
ODyCJIOBJIHBaeTCH 3AeKTpOHHbIM o6MeHOM H HOCHT XapaKTep XHMHHeCKOH 
CBH3H. JlpOAyKTbl XeMOCOp6l].HH B CBH3H C 3THM MO>KHO paCCMaTpHBaib KaK 
cBoero poAa noBepxHOCTHbie xHMimecKHe coeAHHeHHH, Aatomne mohocaoh 
M eTaJIJIHHeCKHX Mbi A. 

Bbirne Mbi OTMenajiH, hto AonycTHMoe, corjiacHO cymecTByiomHM Hop- 
MaM, coAep>KaHHe >KiipHbix khcjiot b CMa30HHbix Macjiax npaKTHnecKH He 
BbI3blBaeT K0pp03H0HHbIX HBJieHHH Ha TpyiH,HXCH MeTaAAHHeCKHX HOBepXHO- 
CTHX. OAHaKO BCHKOe nOBblUieHHe COAep>KaHHH HKHpHbIX KHCJIOT B CMa30H~ 
hom MacAe, nanpHMep, noA BAHHHneM ero okhcachhh, npHBOAHT k HHxeH- 
CH(J)HKaUHH K0pp03H0HHbIX npOUeCCOB, KOTOpbie, — eCTb OCHOBaHHH 0>KH- 
AaTb, — HaHHHaiOTCH C xeMOCOp6UHH H 06pa30BaHHH MeTaAAOOpraHHMeCKHX 
COeAHHeHHH B MOHOCJlOe. 

Bonpoc K0pp03HH MeTaJIAOB B yrjieBOAOpOAHbIX paCTBOpax JKHpHbIX 
khcaot oneHb CAa6o ocBemen b AHxepaType. Han6oAee HHTepecHbie HCCJie- 
AOBaHHH no 3T0My noBOAy npoBeAeHbi b nocAeAHee BpeMH JI. I\ Thh- 
AHHblM [17 — 19]. Hm HCCAeAOBaAOCb K0pp03H0HH0e AeHCTBHe Ha MarHHH, 
>KeAe3o h CBHHeu pHAa AaipHbix khcaot, pa3BeAeHHbix b yrAeBOAopoAax [17]. 

OnbITbl nOKa3aAH, HTO CKOpOCTb K0PP03HH B 3aBHCHMOCTH OT KOHUeH- 
TpaUHH >KHpHbIX KHCAOT B VTAeBOAOpOAaX pa3AHHHa RJIK pa3AHHHbIX MeTaA- 
aob (HanpnMep, aah CBHHua 3Ta cxopocTb yMeHbuiaeTCH c yBeAHnenneM 
KonueHTpauHH b H300KTaHe, a ajih >KeAe3a, HaoSopoT, yBeAHHHBaeTcn) . 
Ha cxopocTb KOppo3HH BAHHeT xapaKTep yrAeBOAopoAa, HBAHiomerocH 
pacTBOpHTeAeM >KHpHbix khcaot, npnqeM b nepBbie MOMeHTbi nocAe norpy- 
>KeHH h HCCAeAyeMoro mctbaab b cpeAy cxopocTb Koppo3HH 6biAa Bbime, new 
b nocAeAyiomee BpeMH. XapaKTepHo, hto npncyTCTBHe boah b pacTBope 
>KHpHOH KHCAOTbl B yiAeBOAOpOAe He nOBAHHAO Ha CKOpOCTb K0pp03HH. 

Thhahh noAaraeT [17], hto cxopocTb Koppo3HH mctbaaob b yKa3anHbix 
epeAax OnpeAeAHeTCH B OCHOBHOM paCTBOpHMOCTbK) npOAyKTOB K0pp03HH 
b pacTBopHTeAe. B tom CAynae, ecAH 3 th npoAyKTbi HepacTBopHMbi, ohh 
H rpaioT 3am,HTHyio poAb, b cAyqae pacTBopHMocTH sthx npOAyKTOB Koppo- 
3H0HHbie npoueccbi b pacTBopax ACHpHbix khcaot b yrAeBOAopoAax 3Haqn- 
TeAbHo ycKopnioTCH h, no MHeHHio FnHAHHa, MoryT Aa>Ke CTaTb Bbime, qeM 
B 3AeKTpOAHTaX, T. 6. B BOAHbIX paCTBOpaX Tex >Ke KHCAOT. 

Koppo3HOHHbie npoueccbi, npoTeKaiomne b pacTBopax >KHpiibix khcaot 
b yrAeBOAopoAax, t. e. b AH 3AeKTpHKax, Thhahh 06'bHCHHeT sacktpoxhmh- 
necKHM xapaKTepoM sthx npoueccoB, hto noATBep>KAaeTCH AencTBneM 
b cpeAe 1,5 -h. H 3ooKTanoBoro pacTBopa yxcycHOH khcaoth MaKposAeMeHTa 
>KeAe30 — MarHHH [18], a TaK>Ke pa6oTOH b stoh cpeue o6biHHoro raAbBaHH- 
qecKoro ajieMeHTa [191. 

no MHeHHfO THHAHHa, npH KOpp03HOHHOM npOUeCCe MeTaAAOB B paCTBO- 
pax JKHpHbIX KHCAOT B yiAeBOAOpOAaX SOAbUiyiO pOAb HTpaiOT npoAyKTbi 
Koppo3HH, t. e. Te MeTaAAHnecKHe MbiAa, KOTOpbie o6pa3yiOTCH b HanaAe 
npouecca, oqeBHAHo, SAarouapH xeMocop6uHH. XeMOCopfiuHH >Ke npeAme- 
CTByeT 4)H3HqecKan aACop6uHH, HHTepecyioiuafl Hac KaK noHH3HTeAb 

npOHHOCTH. 

Mbi o6paTHAH 3AeCb BHHMaHHe Ha XHMHHeCKOe BAHHHHe >KHpHbIX 
KHCAOT, COAep>KamHXCH B CMa30HHbIX MaCAaX, Ha MeTaAAHHeCKHe ACT3AH, 
HaXOAHUXHeCH B HHX. OAHaKO Hac B OCHOBHOM 6yACT HHTepeCOBaTb cf)H3HKO' 
XHMHHeCKOe BAHHHHe 3THX BeiH,eCTB Ha MeTaAAbl, He npHBOAflmee K H3Me- 
HCHHIO XHMHHeCKHX CBOHCTB nOBepXHOCTH. K T3KHM HBAeHHHM OTHOCHTCH 
(J)H3HHeCKaH aACOp6UHH H^HpHblX KHCAOT Ha nOBepXHOCTH CT HA H , KOTOpaH, 
KaK Mbi y>Ke tobophah, npeo6AaAaeT npH o6biHHbix TeMnepaTypax CMa3oq- 
Horo CAOH. 
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MojieKVJIbl ^KHpHblX KHCJIOT npH nOJIHOM HaCbimeHHH aACOpdUHOHHOrO 
cjioh opneHTHpyioTCH Ha MeTajijiHHecKHx HOBepxHocTHX nepneHAHKy;iHpHO 
k noBepxHocTH, TaK mo Kap 6 oKCHjibHan rpynna OKa 3 biBaeTCH npHKpenjieH- 
HOH K Merajuiy, a yrjieBOAopoAHan uenouxa bhxoaht b cjioh Macjia. 06 pa- 

30B3HHbIH TaKHM 06pa30M BOpC, HJIH, KaK ero Ha3bIBaiOT, ,,qaCT0K0Jl“, H3 
MojieKyji noa^aeTCH bo 3 aohctbhio BHeuiHHx ycHjimi, Ae(f)opMHpyncb noA hx 
BJ iHHHneM. OjxnaKo KaK 6bi hh 6biJia CAetjiopMHpoBaHa MOJieKyjia, ee MeaH- 
ApoBHAHan (j)opMa HBjineTCH Han6ojiec ycTOHHHBOH, KaK cooTBeTCTByiomaH 

MHHHMyMy nOTeHUHajIbHOH SHepTHH, n 03 T 0 - 
My 3 th MojieKyjibi Bcer^a cTpeMHTcn boc- 
CTaHOBHTb cbok) nepBOHaqajibHyio (JiopMy. 
AACopdnpOBaHHbie MeTajuiuqecKOH no- 

BepXHOCTbfO MOJieKyjIbl >KHpHbIX KHCJIOT CO- 
BepiiiaiOT TenjioBbie KOJie6aTejibHbie ABHHce- 
hhh, onHCbiBan cbohmh ochmh noBepxHOcra 
KOHycoB c BepuiHHaMH b MecTe npHKpenjie- 
HHH Kap6oKCHjibHbix rpynn k MeTajuiy, a 
aTOMHbie rpynnbi CH 2 coBepmaioT poTaun- 
OHHbie ABH>KeHHH [14] (pHC. 2). 

npH a^COpdUHH MOJieKyjIbl JKHpHbIX 
khcjiot jierKo MoryT MurpHpoBaTb no no- 
BepxHocTH, He OTpbiBancb ot Hee, npoHBjiHH 
Tew 6ojibinyio noABHKHocTb, qeM Bbiuie TeM- 
nepaTypa. TaK KaK npH aACop6uHH chh- 
HcaeTca SHepreTHnecKHH ypoBeHb aACop6eHTa, to TepMOAHHaMHqecKH 060c- 
HOBaHHblM HBJIHeTCH CTpeMJieHHe nOBepXHOCTHO-aKTHBHbIX MOJieKyjI JKHpHbIX 
khcjiot noKpbiTb Bee HMeiomnecH noBepxHocTH BnjiOTb AO noBepxHocTen 
> 3 KHX H AJIHHHbIX yjIbTpaMHKpOTpeiH,HH. CBOHCTBO nOBepXHOCTHO-aKTHBHbIX 
MojieKyji Jierxo MHrpHpoBaTb no noBepxHocTH h npOHHKaTb b caMbie y3KHe 
TpemHHbi BnjiOTb ao rjiySHHH, rAe pa 3 Mepbi MojieKyji HaqnHaiOT npennTCTBo- 
BaTb HX AajibHenuieMy npoABH^enmo, hbjihctch ajih Hac B a*HbiM (JiaKTopoM 
npH paCCMOTpeHHH BJIHHHHH nOBepXHOCTHO-aKTHBHbIX BeiljeCTB Ha yCTajIOCT- 
HyiO npOHHOCTb CTaJIH. 



Phc. 2. CxeMa Ten^OBbix KOJie- 
6aHHH MOJieKyjI JKHpHbIX KHCJIOT, 

aAcop^HpoBaHHbix na MeTajuie 
(AXMaTOB). 


MojieKyjibi »HpHbix khcjiot, HaxoAHmnecH b yrjieBOAopojiHOH cpeae 

(CM330HH0M M3CJie) , CKJIOHHbl K aCCOH.HaU.HH; nojl BJIHHHH6M 3JieKTpOCT3TH- 
HCCKOH (KBaApynOJIbHOH) H BOHOpOHHOH CBH3CH OHH MoryT o6pa30BbIBaTb 
napHbie MojieKyjibi, Ha3biBaeMbie KoopnHHauHOHHbiMH AHMepaMH. KpoMe 
Toro, MOJieKyjIbl H<HpHbIX KHCJIOT CKJIOHHbl K 06pa30BaHHI0 THraHTCKHX HHTe- 
BHAHblX MBKpOMOAeKyA, HTpaiOLAHX 60 JIbIUyiO pOJIb npH 06pa30BaHHH 
MaCJIHHOTO CJIOH Me>KAy TpymHMHCH nOBepXHOCTHMH. 3 th MaKpOMOJieKyjIbl 
oopa3yioTCH 3 a cqeT B3aHM0AencTBHH kbk KapdoKCHjioB h MeTHjibHbix rpynn, 
TaK h Been yrjieBOAOpoAHOH qacru uenn [14]. 

PeHTreHorpatfninecKHe hcc ji e aob a h h h rpaHHHHbix cjioeB cm 33 kh Ha Tpy- 
LUHXCH MeTajIJlHHeCKHX nOBepXHOCTHX nOKa3bIBaiOT, HTO 3TH CJIOH nocTpoeH'bi 
H3 napajuiejii hhix Apvr Apyry HHTeBHAHbix MaKpoMOjieKyji, npnqeM B3aHMo- 
AeHCTByiom,He KapfioKCHJibi h MeTHjibHbie rpynnbi jie>KaT b njiocKocTHx, Kaca- 
TejibHbix k noBepxnocTH Merajuia. Bee cjioh, KpoMe nepBoro k MeTa/iJiy, 
nocTpoenbi H3 B3aHMOAeHCTByiomHx AHMepoB. 

riepBbiH cjioh, KaK y>Ke roBopHjiocb Bbiuie, coctoht H3 „qaeroKojia“ 
OTAejibHbix MojieKyji >KnpHbix khcjiot, He coeAHHeHHbix b AHMepbi. 06 t>hc- 
HHeTCH 3T0 TeM, HTO npH COnpHKOCHOBeHHH AHMepOB C MeTaJIJIHHeCKOH 
noBepxHOCTbio noA BjiHHHHeM ee noTeHixuajia, KOTopbifl Bbiuie SHepruu cbh3h 
AHM epoB, npoHCxoAHT pa3AejieHHe AHMepoB Ha OTAejibHbie MojieKyjibi h hx 
opHeHTHpoBaHiian (fniKcauHH Ha MeTajumuecKou noBepxHocTH. 

CnjioBoe nojie MeTajuinqecKOH noBepxHocTH AeucTByeT jirniib na nepBbiu 
pHA aAcopoupoBaHHbix MojieKyji. Bo BTopoM pnAy, n p eACTa b ji h lome m co6oio 
3epKajibHoe 0Tpa>KeHHe nepBoro pHAa, no Been BepoHTHOCTH ACHCTByiOT 
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CHjibi CBH3H AncnepcHOHHoro THna [14]. KaK yxe roBopHAoeb, BTopofl pha 
coctoht H3 AHMepoB, a He H3 OTAejibHbix MojieKyji >KHpHbix khcjiot riocAe- 
AyWIMHe pHAbl CTpOHTCH H3 aH3AOTHH CO BTOpbIM, o6pa3yn norpaHHHHbiH 
aACOp6u,HOHHbIH MyAbTHCAOH. 

ConpHKOCHOBeHHe Me>KAy OTAeAbHHMH pHAaMH B MyAbTHCAOe nponcxo- 
AHT no MeTHAbHbIM rpynnaM, KOTOpbie HBAHK3TCH eCTeCTBeHHbIMH nAOCKO- 
CTHMH CnaHHOCTH, TaK KaK OHH CBH3aHbI Me>KAy COSOK) AHIHb CAa6bIMH 
AHCnepCHOHHbIMH CHAaMH. 


B3aHMOAeHCTBHe Me>KAy opHeHTHpoBaHHbiMH nepneHAHKyAHpHo k noBepx- 
hocth aAcop6eHTa AHMepaMH b MyAbTHCAOe nponcxoAHT 3a cneT AHcnep- 
CHOHHblX CHA; B CBH3H C 3AAHTH BHOCTblO HX ACHCTBHH H HapaAAeAbHOCTbK) 
Pa3MemeHHH uenen B3aHMOAeficTBHe MejKAy AHMepaMH AocTHraeT aoboabho 
3HaHHTeAbHOH BeAHHHHbl, HpHHeM SHepTHH CBH3H COCeAHHX MOAeKyA paCTeT 
c yAAHHeHHeM yrAeBOAopoAHoii vacTH ueriH. IlocAeAHee mw Ha 6 AfOAaeM hph 
VBeAHHeHHH npOHHOCTH aACOp6l. ,jOBaHHbIX IlAeHOK, nOAyqeHHbIX H3 BbICUiHX 
IOMOAOrOB >KHpHbIX KHCAOT. 

OpHeHTHpoBaHHbie Ha MeTaAAHqecKofl noBepxHocra MOAenyAbi jkhphhx 
KHCAOT MOryT COAbBaTHpOB3TbCH HeaKTHBHbIMH yTAeBOAOpOAHblMH MOAeKy- 
A3MH MaCAa H T3KHM 06 pa 30 M OOpa30BbIBaTb OTHOCHTeAbHO TOACTbie CAOH 
CM33KH, pa3-beAHHH!OmHe TpyiHHeCH nOBepXHOCTH. 3th CAOH BKAfOHaiOT 
B ceoa MVAbTHCAOH aACOpSHpOBaHHbIX nOBepXHOCTHO-aKTHBHblX Beu leCTB 
(DKHpHblX KHCAOT) H COAbBaTHpOB3HHbie OKOAO HHX VTAeBOAOpOAHbie MOAe- 
KyAbi CMa30HHoro MaCAa. 3th nocAeAHHe MOAeKyAbi, TaK xe KaK h moac- 
KyAbl JKHpHblX KHCAOT, MOT>'T COeAHHHTbCH B THTaHTCKHe MaKpOMOAeKVAbl 
OpHeHTHpOB3HHbie napaAAeAbHO TOKy MaCAa B CMa30HHOM CAOe, BbI 3 BaHHOM 
OTHocHTeAbHbiM nepeMemeHHeM TpymHxcn noBepxHOCTefl. TaKHM o 6 pa 30 M 3 a 
MyAbTHCAOeM aACOpSHpOBaHHbIX MOAeKyA JKHpHbIX KHCAOT Ha 6 AK>AaeTCH 
onpeAeAeHHaH TeKCTypa CM330MHoro caoh, oSycAOBAHBaiomaH npoueccbi 
nepexoAHoro TpeHHH ot rpanHHHoro k AHHaMHqecKOMy h Ha 3 B;'HHan 
hhh [14] XMaT ° BbIM HeMaTH4eCKHM MexaHH3MOM nepexoAHoro pejKHMa Tpe- 

HHTepecHo, hto h KOHCHCTeHTHbie CM33KH, HMeioiHHe aMoptJ)Hoe CTpoeHHe 
B cBoeH Macce, b tohkom CAoe, HaHeceHHOM H a TpymHecn noBepxHocra hph- 
oopeTaioT onpeAeAeHHyio CTpyKTypy; hx MOAeKyAbi npHoSpeTaiOT hodhaok 
oriHcaHHbiH Bbime. v ’ 


B. B. XlcpHTHH [20], HCCAeAyn COAbBaTHbie CAOH, o6pa3yK3LL[HeCH npH 
CMa3Ke (0 KOTOpbix pevb uiAa Bbime), HameA, hto COAbBaTHbie caoh abvx 
CM a3aHHbix noBepxHocTeH, ripaxoAH b ConpHKOCHOBeHHe h B33hmho HaAa- 
raHCb npn aocthtomhom coAHDKeHHH noBepxHOCTefi, pa3BHBaioT AaBAeHHe 
OAH03HaHHO 3aBHCHUiee OT paCCTOHHHH Me>KAy nOBepXHOCTH MH. 3 to AaBie- 

HHe CTpeMHTCH p33ABHHyTb c6AHA<atOIHHeCH HOBepXHOCTH, KaK 6bl paCKAH- 
HHTb HX. F 


MccAeAOBaHHH B. B. AepnrHHa h ero coTpyAHHKOB noKaaaAH, hto pac- 
KAHHHBaKDIH.ee AeHCTBHe COAbBaTHbIX CAOeB 33 BHCHT OT TOAIHHHbl CAOH 
pe3Ko yBeAHHHBancb npn ero yMeHbmeHHH. BBeAeHHe b cMa 3 oqHoe MacAO 
nOBepXHOCTHO-aKTHBHblX BeiHeCTB (>KH P HbIX KHCAOT) T 3 K>Ke yBeAHHHBaeT 
pacicniiHHBammee AeftciBue*. 

PaCKAHHHBaKDlHHH 3(|)CjDeKT COAbBaTHbIX CAOeB ^epHTHHa npeACTHBAHeT 
HeCOMHeHHblH HHTepeC AAH HaiUHX HCCAeAOBaHHH BAHHHHH nOBepXHOCTHO- 
aKTHBHblX BemeCTB Ha yCTaAOCTHVKD npOHHOCTb CT 3 AH. 

KpaTKo pa306paB MexaHH3M CMasoraoro achctbhh npn rpaHHHHOH 
CM33Ke, MbI npOHAAKDCTpHpOBaAH pOAb HOBepXHOCTHO-aKTHBHblX BCIHeCTB, 
HaxoAHiHHXCH b MacAe, h hx noBeAeHHe npn rpaHHHHOM TpeHHH hah c.\ia3bi- 
B3HHH TOHKOfl IIAeHKOH. KaK BHAHO, 3TH BeiHeCTBa Heo6xOAHMb! AAH o6pa- 
30B3HHH MyAbTHCAOH, pa3T>eAHHHKDIHerO TpyiHHeCH nOBepXHOCTH. 


* Heo6xOflHMO OTMGTHTb, 4 TO pOCKJIHHHBaiOIUHe flaB^eHHH 
MeCKHX yCJIOBHflX npH OTCyTCTBHH OKOabJKeHHH. 


HCC^e^OBajiHCb 


B CT3TH- 
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Pa3JinqHbie Macjia cojxepmar pa3jiHHHoe KOJinqecTBo noBepxHocTHO- 
aKTHBHbix BemecTB. HaH6ojibmee hx KOJiimecTBo coAepncaT Macjia pac.TH- 
TCJlbHO-^KHBOTHOrO IipOHCXO^KAGHHH; MHHepajlbHbie Macjia 3Ha4HTeJlbHO 
MCHbliie aKTHBHpOBailbl, H JXJM VJiymiieHHH HX M aCJIHHHCTOCTH K HHM HaCTO 
npn6aBJiHK)T Macjia pacTHTejibHoro nponcxo.>KAeHHH, nojiynan Tax Ha3biBae- 
Mbie KOMnayHAHpoBaHHbie Macjia, jih6o aKTHBHpyioT hx pa3jiHHHbiMH npn- 
caAKaMH c AH(j)HjibHbiM CTpoeHHeM MOJieKyjibi, coAep^aiuen b cede nojinp- 
Hbie rpynnbi Ori, COOH, NH 2 , N0 2 h t. n. 

,D,jih yjiyqmeiiHH CM33oqHOH cnocodHocTH MHHepajibHbix Maceji npHMe- 
HHIOTCH TJiaBHblM 06pa30M npHCaAKH B HedOJlbHJHX KOJIH'ieCTBaX >KHpHbIX 
KHCJIOT H OCOdeHHO HeilpeAeJIbHOH OAHOOCHOBHOH OJieHHOBOH KHCJIOTbl pHAa 

CbH^COOH. 

Oa naxo HCCJieAOBaiiHH pnAa aBTopoB noKa3ajiH, hto yjiyqmaioT Kaqe- 
CTBa MHHepajibHbix Macejl lie TOJIbKO >KHpllbie KHCJIOTbl, HO H HHTpHJlbl, 
aMHAbi, KeTOHbi h Apyrne opraHHHecKHe BemecTBa, KOTopbie ao 6 a b ji h 10 t ch 
B He3HaHHTeJIbHbIX KOJIHHeCTBax K MHHep aJIbHbIM MaCJiaM. HcCJieAOBaHHB 
TpHjijiH [9] noKa3ajiH, hto BecbMa noBepxHOCTHo-aKTHBHOH AodaBKOH k CMa- 
SOHHblM MaCJiaM HBJIHeTCH AOOBBKa TBepAbIX TJIHUepHAOB (TpHnajlbMCTHHa, 
TpHCTeapHHa H T. n.), y KOTOpbIX aKTHBHbIM HBJIHeTCH rJIHUepHHOBblH 
paAHKaji. 

TapAH [9], H3MepHH K03(jxf)HUHeHT CTaTHHeCKOTO TpeHHH Ha MaUIHHe 
CBOeH KOHCTpyKUHH, Hailiejl, HTO AOdaBJieHHe 0,5% OJieHHOBOH KHCJIOTbl 
k MHHepajibHOMy Macjiy CHH>KaeT K03(j)(j)HUHeHT TpeHHH Ha 19%. Hm me 
6biji HccjieAOBaH pHA Beu^ecTB h HaHACHO, hto xoipHbie KHCjiora b KaqecTBe 
AodaBKH k MHHepaAbHbiM MaCJiaM AaiOT Handojiee hhskhh K03(f)(})HUHeHT 
CTaTHqecKoro TpeHHH no cpaBHeHHio co cnnpTaMH h napa(f)HHaMH. 

JXttJien [21J, H3MepHH BejIHHHHbl K03({)(^HUHeHTa CTaTHqeCKOI'O TpeHHH, 
Hameji, hto >KHpHbie khcjiotbi, AodaBjineMbie k Macjiy Aaxte b KOjinqecTBe 
0,1%, 3HaHHTeJIbHO CHH>KaiOT K03(f)(f)HUHeHT CTaTHHeCKOTO TpeHHH, npHHeM 
C yBeJlHHeHHeM KOHUCHTpaUHH >KHpHbIX KHCJIOT CHHH<eHHe K03(J)(})HUHeHTa 
TpeHHH 3aMeA*nneTCH. 

K. K. IlanoK h K. H. KorTeBa [5] noKa3ajin, hto KOscjK^HiijieHT CTaTH- 
qecKoro TpeHHH aBHaMacjia CO, paBHbin 0,117, npn AooaBKe 0,5% ojichho- 
BOH KHCJIOTbl CHH3HJICH AO 0,090. HHTepeCHO, HTO yBejinqeHHe npoueHTa 
COAep>KaHHH OJieHHOBOH KHCJIOTbl B MaCJie AO 5% CHH3HJIO K03(f)(j)HUHeHT 
CTaTHHeCKOrO TpeHHH TaK>Ke AO BejlHHHHbl 0,090. 

HccjieAOBaHHH B. B. JXe pnrHHa h ero coTpyAHHKOB [22] MacjiniiH- 
ctocth cMa30HHbix Maceji Ha npndope XtopnrHHa noKa3ajin, hto BpeMH, 
b TeneHHe KOToporo yAep>KHBaeTcn CMa30HHan njieHKa Ha TpymHxcn noBepx- 
hocthx, 3HaqHTejibHo yBejiHHHBaeTCH npn npncaAKe k HeaKTHBHOMy Ba3e- 
JIHHOBOMy Macjiy OJieHHOBOH KHCJIOTbl. XapaKTepHO, HTO K03(J><}>HUHeHT 
TpeHHH npn 3T0M CHIDKaeTCH He3Ha i lHTejIbHO. 

Flo MHeHHio B. B. XtepHTHiia [23], npncaA^a noBepxnocTHO-aKTHBHbix 
BemecTB THna xviipHbix khcjiot k HenojinpHbiM yrjieBOAOpOAHbiM cpeAaM 
(nanpHMep, Ba3ejiHHOBoe Macjio) npHBOAHT k noHBjieHHio opneHTauHH MOJie- 
Kyji KaK noBepxHOCTHo-aKTHBHoro BeuiecTBa, Tax h HenojinpHbix Mojienyji 
Macjia, neM h yBejiHHHBaeTCH rpy3onoA'beMH0CTb rpaHHHHOH ruieHKH. 

BjIHHHHe npHCaAOK, CIIH>KaiOmHX K03(j34)HU,HeHT CTaTHHeCKOrO TpeHHH 
y MHHepajibHbix Maceji, corjiacHo HCCJieAOBaHHHM MHornx aBTopoB, coxpa- 
HneTCH npn caMbix pa3JiHHHbix narpy3Kax. OAHano BbimenpHBeAeHHbie 
HCCJieAOBaHHH BJ1HHHHH npHCaAOK nOBepXHOCTHO-aKTHBHbIX BemecTB, npOBe- 
AeHHbie npn rpaHHHHOM TpeHHH Ha MauiHHax no onpeAejieHHio ko34)(})h- 
UHeHTa CTaTHnecKoro TpeHHH, He AaiOT npeACTaBjieHHH o tom, kbk 3th npn- 
caAKH dyAyT BjiHHTb Ha KHHeTiiqecKoe TpeHHe *. ripn HccjieAOBaHHH Macjin- 

* Xoth cymecTByeT MHeHae [23], t ito K09(j3(})(HUHeHT KHHeTHqecKoro TpeHHH Ma/io 3a- 
bhcht ot CKopooTH, 3a HCKaioTeHHeM Tex cjiynaeB, Kor^a npouecc TpeHHH Bbi 3 biBaeT KaKHe- 
jiH6o H3MeneHHH b a a c o pd uh ohhom cjioe. Corjiacno stoh tohkh 3peHHH, Koafj^HUHeHT 
ciaTHqecKoro h k h h e - T h h ec k o r o TpeHHH wa^o OTJiH^aiOTCH jx pyr or Apyra. 
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HHCTOCTH Macejl B AHHaMHHeCKHX yCAOBHHX [24] OKa3ajIOCb, 4TO npHCa/IKH 
MajlblX KOJIHVeCTB nOBepXHOCTHO-aKTHBHbIX BemeCTB ( 0 , 5 % C17H33GOOH 
HJ1H 1 % C17H3SCOOH) nOHHJKaiOT K03(j)(})HUHeHT KHHeTHHeCKOI O TpeHHH no 
cpaBHeHHio c MHCTbiM MacjioM, npH6aBKa a<e fiojibiuHx KOJiHHecTB noBepx- 
HOCTHO-aKTHBHbix BemecTB (2% C17H33COOH, 10% SpaficTOKa) , Hao6opoT, 
nOBbimaeT K03(J)C})Hm,HeHT TpeHHH. 

3THMH HCCAeAOBaHHHMH BbIHCHeHO, HTO npHCaAKH IlOBepXHOCTHO-aKTHB- 
Hbix BemecTB k CMa30«uibiM MacjiaM npn hx pa6oTe b AHnaMHnecKHx ycjio- 
BHHX CK33bIBaK)TCH KaK npH TOHKHX njieHKaX, Tax H npn OTHOCHTejlbHO 
TOjidbix njieHKax c.\ia30HHoro Macjia. Hexoiopbie noBepxHocTHO-aKTHBHbie 
BeinecTBa (HanpHMep, CTeapHHOBan KHCAOTa) yMeHbwaioT K03(j)(j)Hu,HeHT 
KHHCTHHeCKOrO TpeHHH npH TOHKHX njieHKHX H nOBbllHHIOT eTO npH TOJICTbIX. 

XapaxTepHo, mo OAeHHOBan KHCAOTa, npaMeHneMan xax npHca^xa 
K MaejiaM H IlOBbimaiOmaH HX MaCAHHHCTOCTb, CHHJKaeT K03(|)({)H:HHeHT KHHe- 
THvecKoro TpeHHH Tojibxo npn Majibix AoOaBxax (0,5%), yBejiHHeHHe >xe 
npOUeHTa OAeHHOBOH KHCAOTbl B CMa30HHOM Macne AO 2 y}Ke 3HaHHTeAbHO 
nOBbimaeT K03<j)(])HLI,HeHT TpeHHH. OAHaKO HeM BblLUe 6bIAO COAepHOHHe 
OAeHHOBOH KHCJIOTbl B MHCJie, TeM HHLH,e OKa3bIB3AHCb TpymnecH noBepx- 
hocth, T. e. yBejiHHeHHe npoueHTHoro coAep>xaHHH ojichhoboh khcjiotu 
b MacAe coAeflcTBOBaAO npHpaOoTKe uan({)bi ko BKJiaAbimy. 

B CBH3H C nOCAeAHHM HHTepeCHO OTMeTHTb TOHKy 3peHHH 
aKaA- n. A. PeOHHAepa Ha poAb npHcaAOK noBepxHocTHo-aKTHBHbix BemecTB 
k CMa30HHbiM MacAaM [8,25]. AxaA- n. A. Pe6HHAep yKa3biBaeT, hto axTHB- 

Hbie CM33KH HrpaiOT ABOHCTBeHHyiO pOAb: BO-nepBbIX, BbI3bIB3IOT CHHJKeHHe 
TpeHHH, a CT3JIO 6blTb H OOlIjerO H3HOC3 TpyiU,HXCH IIOBepXHOCTeH 6AaroAapa 
nOBbimeHHK) M3CAHHHCTOCTH MaCejI, BO-BTOpbIX, BbI3bIBaiOT yBeAHHeHIiC 
H3Hoca (npn onpeAeAeHHbix ycjiOBHHx) b cbh3h c aAcop6u,HOHHO-AHcneprH- 
pyjOLUHM AOHCTBHeM nOBepXHOCTHO-3KTHBHbIX BemeCTB. 

nocjreAHee o6"bHCHHeTCH npoHHKHOBeHHeM noBepxHocTHo-aKTHBHbix 
BemecTB B Ae(J)opMHpoBaHHOH 30He uan<j)bi h BKAaAbima b HMeroiUHecn Ha 
nOBepXHOCTH MeT3AA3 VAbTpaMHKpOTpemHHbl, TAe 3TH IlOBepXHOCTHO-aKTHB- 
Hbie BemeCTBa BbI3bIBaiOT aACOpSUHOHHO-paCKAHHHBaiOmHH 3(})(j5eKT Pe6nn- 
Aepa, npHBOAHLUHH k ruiacTHnecKOMy H3Hocy h OTpbiBy oTAeAbHbix nacTHU, 
MeTaAAa. 3 tot H3hoc MeTaAAa, corjiacHo HCCAeAOBaHHHM n. A. PeSHHAepa 
h ero coTpyAHHKOB, ycHAHBaeTCH c yBeAHHeHHeM yAeAbHoro AaBAeHHH, Tax 
xax npH stom yBeAHHHBaeTCH 30Ha npeApa3pymeHHH. 

H3-3a uiepO-XOBaTOCTH TpymnxcH noBepxHocTefl b OTAejibHbix SAeivieHTax 
noBepxHOCTH npn cpeAHeM HeBbicoxoM yAOAbHOM AaBAeHHH b noAiunnn nxe 
MoryT HafiAiOAaTbCH BecbMa BbicoKne AOKaAbHbie AaBAeHHH. CMa3Ka b sthx 
M ecTax npn HeAOCTaTOHHOH ee 3 kthbhocth dyneT Bbi>KHMaTbCH, h npn OTcyT- 
CTBHH AOCTaTOMHOrO KOAH’ieCTBa OOBepXHOCTHO-aKTHBHblX BCIHeCTB MO>KeT 
npoH30HTH 3aeAaHHe h CBapHBaHHe sacmchtob TpymnxcH noBepxHocTeft. 
npH H3AHHHH nOBepXHOCTHO-3KTHBHbIX BeUieCTB T0HK3H 3AC0p6UH0HHaH 
njieHKa, cocTaBJieHHan H3 hhx> hc Bbi>KMeTCH, a, pa3T>e,zuiHHH Tpymnecn 
noBepxHOCTH, 6yAeT npoHHKaTb b yAbTpaMHKpoTpemHHbi 30Hbi noBbimeHHoro 
AaBAeHHH, cnocoOcTByn ee H3Hocy npn bhcokoh CTeneHH H3MeAbneHHH h 6bi- 
CTpoft npHpa6aTbiBaeMOCTH noBepxHocTeft. 

n. A. PeOHHAep [25] yKa3biBaeT Ha noAOJKHTeAbHyro poAb aKTH- 

BaUHH CM33KH, KOTOpaH nOBbimaeT MaCAHHHCTOCTb MaCAa, HO KpOMe TOTO 
AeAaeT CMa3Ky aHTHaBapHHHOH, ycKopniomeH npapaSaTbiBaeMocTb; cnoco6- 
CTByn npHTHpKe h CTAajKHBaHHio BbiCTynoB, Taxan CM33Ka CHHMaeT BbicoKne 
AaBAeHHH BClOAy, TAe OHH o6pa3yiOTCH. riOBepXHOCTHO-aKTHBHbie BemeCTBa, 
AoSaBAHeMbie k CMa30HHbiM MacAaM, oco6eHHO noAe3Hbi b nepHOA npHpa- 
6 otkh h b MOMeHTbi BbicoKnx Harpy30K, Morymnx Bbi3BaTb 3aeAaHHe. 

K CKa33HHOMy Heo6xOAHMO AOSaBHTb, HTO B MecTax C nOBblUieHHbIM 
AaBAeHHeM oSbRHo pa3BHBaioTCH BbicoKne TeMnepaTypbi, cnocoOcTByiomne, 
KaK MH y>Ke OTMexaAH Bbime, xeMocop6u,HOHHbiM npoueccaM. riocAeAHHe 
BbI30ByT „XHMHHeCKHH“ H3HOC 3THX MeCT, aHaAOTHHHblH TOMy, KOTOpblH 
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HMeeT Medo npn npoueccax „xHMHHecKOH" nojinpoBKH MeTaAAOB h CTeKOJi 

no H. B. rpe6eHmHKOBy. 

nepexonH k paccMOTpeHHio KaqecTB CMa30HHbix Maceji, KaK oxAa>KAaio- 
mnx cpeA, HeooxoAHMo OTMeTHTb, mo ohh HeBbicoKH, TaK KaK TenjioeMKocTb 
Macjia HeBejiHKa, nepeAana Tenjia TenjioripoBOAHOCTbio ot HarpeToft uhkah* 
wecKH Harpy>KeHHOH AeTaAH nepe3 Macjio noHTH HCKjnonaeTCH b cnjiy hh3koto 
K034>4>HUHeHTa TenjionpoBOAHOCTH Macjia *, a KOHBeKUHOHHan nepeAana 
Tenjia 3aTpyAHneTCH toactmmh norpaHHHHbiMH caohmh, o6pa3yiomHMHCH Ha 
TenjiooTAaioiueH noBepxnocTH MeiajiJia. llocjieAHee oSbacHHeTcn 6oAbmeH 
KHHeMaTHHeCKOH BH3KOCT bK) MaCJia, B CHJiy Hero o6pa3yiOTCH TOJICTbie no- 
rpaHHHHbie caoh, uejiHKOM HaxoAHmnecH b AaMHHapHOM coctohhhh. yjiyq- 
menne TenAonepexoAa ot HarpeTOH AeTaAH k MacAy bo3mo>kho npH yBeAH- 
HeHHH CKOpOCTH TOKOB MaCAa OKOAO AeTaAH, HTO CHH>KaeT TOAIU,HHy norpa- 
HHHHOrO CAOH H yAyHHiaeT KOHBeKU,HOHHbIH ofiMeH. CoCTOHHHe IIOBepXHOCTH 
(UiepOXOBaTOCTH) UHKJIHHeCKH Harpy>KeHHOH AeTaAH TaK>Ke BAHHeT Ha 
TenAonepexoA; npn HaAHHHH mepoxoBaTocTH, Morymen Bbi3BaTb 3aBHxpeHHe 
MacAa okoao noBepxHOCTH, TenAonepexoA yAyqmaeTCH**. 

Pe3ioMHpyH paccMOTpeHHe Bonpoca o CMa30HH0M MacAe khk o cpeAe, 
Morymen BAHHTb na veraAOCTHyio npoHHOdb cTaAH, HeoSxoAHMO npH3HaTb, 
HTO 3T0 BAHHHHe B OCHOBHOM 3BBHCHT OT nOBepXHOCTHOH aKTHBHOCTH CMa30H- 
Horo MacAa h 6yAeT nponcxoAHTb b ochobhom noA B03AeHCTBHeM (J)H3HHe- 
CKOH aACOp6u,HH nOBepXHOCTHO-aKTHBHbIX SAeMeHTOB MacAa. OAHaKO HapHAy 
C 3THM BAHHHHeM He HCKAIOHeHa T3K>Ke B03M0>KH0CTb K0pp03H0HH0r0 BAHH- 
HHH, pa3BHBaK)merOCH Ha OCHOBe XeMOCOp6uHOHHbIX npoueccoB, HO oho, 
necoMHeHHO, HMeeT BTOpocTeneHHoe 3HaneHHe b CHH>KeHHH bbihocahbocth 
CTaAH b CMa30HHbix MacAax. OxAa>KAaiom,ee bahhhhc MacAa Taioxe HeBe- 
AHKO H B OCHOBHOM Ha6AIOAaeTCH B 30He OrpaHHHeHHOH BbIHOCAHBOCTH. 

3 . Bahhhhc cMa30HHbix MaceA Ha ycTaAocTHyio npOHHocTb ctaah 

Bbirne Mbi noKa3aAH, mo CMa30HHbie MacAa npaKTHHecKH koppo3hohho 
6e3onacHbi, ho o 6 jiajxaioT BbicoKoft aACopduHOHHOH cnoco6HocTbio. H3 cMa- 
3ohhwx MaceA Ha noBepxHOCTH MeTaAAHHecKHx AeTaAeft aACOp6HpyFOTC5i 
nOBepXHOCTHO-HKTHBHbie SAeMeHTbl 3TOTO MaCAa, npHHeM 3Ta aACOp6UHH 
B OCHOBHOM HOCHT XapaKTep (J)H3HHeCKOH aACOp6UHH H TOAbKO B OTAeAbHbIX 
CAynanx B03M0>KHbi xeMocop6uHOHHbie npoueccbi (b MecTax c noBbimeH- 
HbiMH TeMnepaTvpaMH h t. n.). 

AACop6uHOHHbie npoueccbi, npoTeKaiomne Ha uhrahhcckh Harpy^eHHbix 
CTaAbHbix actbahx, HaxoAHiunxcH b MacAHHOH cpeAe, no3BOAHAH npeAnoAO- 
>KHTb O CHHH<eHHH HX VCTaAOCTHOH npOHHOCTH nOA BAHHHHeM aACOpdUHOHHO- 
pacKAHHHBaiourero schema Pe6HHAepa, hto h 6biAO noATBep>KAeHO phaom 
H aLHHX OnbITOB, pe3VAbTaTbI KOTOpbIX npHBeAeHbl HH/Ke. 

C AeAblO BbIHCHeHHH BAHHHHH CMa30HHbIX MaceA Ha yCTBAOCTHyiO npOH- 
HOCTb CTaAH HaMH 6bIAH HpeAnpHHHTbl HCCACAOBaHHH pa3AHHHbIX xpOMHCTbIX 
CTBAeH B OTOHOKeHHOM H 3aK3AeHHOM COCTOHHHH, KOTOpbie UHKAHHeCKH Ha- 
rpy>KaAHCb B >KHAKHX MHHepaAbHbIX H paCTHTeAbHbIX CMa30HHbIX MacAax, 
KOHCHCTeHTHbIX CMa3KaX H aKTHBHpOBaHHbIX MHHepaAbHbIX MaCAaX. 

Bbl6op XpOMHCTbIX CTSAeft 6'bIA o6yCAOBAeH X<eAaHHeM CHH3HTb BAHHHHe 
K0pp03H0HHbIX npOUeCCOB Ha VCTaAOCTHyiO npOHHOCTb CTaAH B cpeAe CMa- 
30HHoro MacAa, oco6eHHO b cpeAe aKTHBnpoBaHHoro >KHpHbiMH KHCAOTaMH 


* Ko 3 (j)(J)HUHeHT Ten jioit p obo a hoc th Macjia h 3 xozihtch b npeAejiax 0 , 003 — 
— 0,00045 KanjcM • ceK • apad h Majio H 3 MeHHeTCH c TeMnepaTypoH. TenjioeMKocTb KOAe- 
CjieTca b npeAejiax 0 , 4 — 0,5 KCiAjz * spad [ 9 ]. 

** CpeAbi II rpynribr o6AaAaiOT nymmmn oxAa^AaHDmHMH Ka^ecTBaMH, neM MacAa. 
Ochobhom KOMnoHeHT cpea II rpynnbi — boa a HMeer TenAoeMKOCTb b 2,5 pa3a, a jenAO- 
npOBOAHOCTb b 5 pa3 6o.nbuiyK), MeM y MacAa [9]. y cpeA II rpynnbi norpaHMMHbiH caoh 
noMTH Bcer^a HaxoAHTcn b Typ6yAeHTHOM coctohhhh h He 0Ka3biBaeT conpOTHBAeHHH 
npoxo>KAeHHio TenAa, KaK sto Mbi HMeeM y MacAa [26]. 
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MaCJia. XpOM, KaK H3BeCTHO, yBejIHHHBaeT CTOHKOCTb CT3.JIH B OTHOOieHHH 
K0pp03HH, KOTOpaH, K3K BHflHO H3 npeflbWymerO, XOTH H He3H3HHTejIbHa 

b pacTBopax jKHpHbix khcjiot b yrjieBOflopoAax, ho Bee we MoweT noBJiHHTb 
Ha KapTHHy a/lCOp6liHOHHOrO CHHWeHHH yCTajIOCTHOfl npOHHOCTH. 

HaMH HccjieaoBajiacb xpOMHCTan CTajib 20X (nepjiHT — c|)eppHT), cTajib 
40X B 33KajieHHOM H OTOWWeHHOM COCTOHHHH (MapTeHCHTHaH, TpOOCTHTH3H 
h cop6HTHaH dpyKTypbi ahh 3aKajieHHbix CTajieft h nepjiHT-tjjeppHTHaa 
crpyKTypa ajih OTOwweHHoft ctjuih), a Ta K we iuapHKono^LUHriHHKOBaH 
crajib IIJX-15 b 3aKajieHHOM coctohhhh (cTpyKTypa, nojiyneHHaH H30TepMH- 
HeCKOH 06pa60TK0H, npeACTaBJIHJia CKpbITOKpHCTajIJIHHeCKHH MapTeHCHT -f- 
+ Kap6Hflbi). 

B TaSji. 1 npHBeAeHM pe3yjibTaTbi HcnbiTaHHH yKa3aHHbix CTajiefi, nno- 
BeaeHHbix b MexaHHqecKofi, ^HHaMHHecKOH h MeTajijiorpacJjHHecKoS jiafiopa- 
TOPHHX HHCTHTyTa CTpOHTejIbHOH MeX3HHKH AH YCCP. 


Ta6jinua 1 


MapKa 

CTa^H 

CTpyKTypa 

Ob 

(kz/mm*) 

Os 

(Kt/MM*) 

0—1 

( i kz/mm 2 ) 

^10 (%) 

y/ 

(%) 


20X 

flepAHT— (feppHT 

52 

33 

28,9* 

24 

70 
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flepAHT — cfeppHT 

65 

31 

31,4** 

16 

65 

137 

40X ' 


Cop6HT 

102 

88 

50,2* 

11,25 

64 

262 


TpOOCTHT 

175 


88,3* 

5,15 

47 

429 



MapTeHCHT 

208 

— 

77,5* 

6 

40 

512 

IIJX-15 

CKpUTOKpHCTaA- 
AHHeCKHH Map- 
TeHCHT-|-Kap6HAbI 

219 

— 

95* 

— 

- 

627 


YKasaHHbie cipyKTypu nojiyna^HCb cjie^yromefi TepMoo6pa6oTKOH. 
I lepjiHT-tjpeppHTHaH CTpyKTypa crajin 40X 6bijia nojiyqeHa nyTeM cmKHra 
b TeneHHe 30 mhh. npii TeMnepaType f=1150°C. CopSnTHaH CTpyKTypa 
3toh we crajiH nojiyqajiacb 3aKajiKofi b Macjio npn t — 870° C c Bbwepw- 
mhh. c nocjieayiomHM OTnycxoM b TeqeHHe 2 qacoB npn TeMnepaType 
QTno J p00CTHTHaH c lPy KT yP a nojivqajiacb saKajiKOH b mscjio npn 
t — 870 C c BbiAep^KKOH 20 mhh. c nocjieayiomHM OTnycxoM b TeqeHHe 
2 nacoB npn TeMnepaType 350° h BTOpHHHbiM OTnycxoM b* TeqeHHe 7 qacoB 
(b cpe^e Macjia) npn t = 320° C. MapTeHCHTHaH CTpyKTypa nojiyqajiacb 
33KaJIKOH B M3CJIO npH t — 870° C C BblAep>KKOH 20 MHH. C nOCJie^yiOLLiHM 
OTnycKOM B TeqeHHe 2 qacoB npn t = 200° C. OOpasubi hs crajiH UIX-15 
CTpvKTypbi cKpuTOKpHCTajuiHqecKoro MapTeHCHTa + KapOiiAbi 6bijiH nojiy- 
qeHbi H30TepMnqecK0H 33KajiKOH ot TeMnepaTypbi 840° C b Macjio TeMnepa- 
Typbi 130°C c BbiAepH^KOH b HeM b TeqeHHe 120 qacoB. 

06pa3Ubi HcnbiTbiBajiHCb Ha ycrajiocTb b pa3jinqHbix >khakhx noBepx- 
HOCTHO-aKTHBHblX Cpe^ax, a T3K>Ke B T3K0H KOPP03HOHHOH Cpe^e, KaK 
AHCTHJijiHpOBaHHan boab***. Pe3yjibTaTbi sthx HcnbiTaHHH npHBefleHH 


* 06pa3Ubi, m^H(()OBaHHue a o 9 KJiacca 9a pa3paAa hhctoth noBepxHOCTH. 

Oopa3Ubr, uiAH(jx>BaHHbie ao 10 KAacca mhctoth noBepxHOCTH. 

„ * WcCAeAOBaHHH npOBOAHAHCb B AHHaMHHeCKOH A 3 6 op 3 TOp H H HHCTHTyTa CTpOHTCAb* 

hch MexaHHKH AH yccp Ha y cta aocthhx MauiHHax THna „Hy“ MuHHCTepcTBa npHtfopo- 
CTpoeiiHa CCCP, pa6oTaiomHx npn chmmctphmhom uHKJie (H 3 rn 6 npn Bpam,eiHHH) c npncno- 
COOAeHIIHMH, nOGBOAHfOIAHMH HOMemaTb HOIblTyeMblH o 6 pa 3 eu B pa 3 AHHHbie >KHAKHe cpeAbi. 
BpamaioiAHHCH b cpeAe ahkaihhcckh HarpyjKeHHbiH oOpaaeu sHeprHHHo nepeMeniHBaA cpeAy, 
oooramaa ee khcaopoaom B03Ayxa. HacTOTa Harpy^eHHa 2840 ahkaob b MHHyiy. 
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T a 6 h u a 2 

npeaejl yCTaJlOCTH 0_ l KZjMM 3 H KQ3(j)4?HUHeHT UHKJlH^eCKOH npOBHOCTH gpH BJIMHHHH cpe^bl £% 


fpynnbi 

cpeflu 


I 

A T =5*10 6 


II 

JV=2 * 1 0 7 


III 

N= 10 7 


Ha3BSHHe cpeAU 


CTaab 20X nep- 
J1HT — (J)eppHT, 

9 Kaacc hhcto- 

Tbl nOBepXHOCTH 


Bo3,ayx 
T email 

Ba3e^HHOBoe Macao 


AHCTHJiaHpOBaHHaH BO,na 


Ba3e;iHHOBoe Macao 
+0,25% C 16 H 33 OH 

Ba3ejiHHOBoe Macao 
+ lo/ 0 C 17 H 33 COOH 

Macao MC 
Oipa6oTaHHoe MC 
MC+2% C x H 33 COOH 
KacTopoBoe Macao 
CoaHAoa 
KoHcraaHH 


28,9 

£=100 


28,9 

£=100 


Ciaab 40X 


nepam — $ep* 
pHT, 10 Kaacc 

HHCTOThI 

ITOBepXHOCTH 


COp6HT, 

10 Kaacc 

HHCTOTbl 

nOBepXHOCTH 


31,4 

£=100 


19 

£=66 


£=97* 

27,4 

£=95 

27,9 

£=96,5 


26,9 

p=93 


20,4 

£=66 


29 

£=92,5 

29 

£=92,5 

25,5 

£=81,5 


* OnpeaeJieHO nipa n = 1500 HHKaoB b MHnyTy. 


52,4 

£=100 


23 

£=46 


42,1 

£=80 


COp6HT, 

4 Kaacc 

BHCTOTbl 

nOBepXHOCTH 


49,4 

£=100 


41,8 

£=85 

41,3 

£=84 


TpOOCTHT, 

9 Kaacc 

HHCTOTU 

nOBepXHOCTH 


MapTeacHT, 
9 Kaacc 

HHCTOTbl 

nOBepXHOCTH 


88,3 

£=100 


88,3 

£=100 


38,4 

£=43,5 


83,2 

£=94,3 


78,2 

£=88,5 


77,5 

£=100 


13 

£=17 


67 

£=87 


ciaab LUX-15 
MapTeHCHT, 

9 Kaacc 

MHCTOThI 

nOBepXHOCTH 


95.0 
£=100 

96.1 
8=101 


35,1 

£=37 


92,6 

£=97,5 


84,7 

£=89 


89,7 

£=94,5 

89,54 

£=94,6 
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b xaSA. 2 , B KOTopoH AaHbi npeae^bi ycxaAocxn ncnbiTaHHbix ciajieH h kosA- 
qjHUHeHTbl UHKJTHVeCKOH fipOMHOCTH npH BAHHHHH CpeAbI, ^ 




o-i cpeAa 

O-i B03flyX 


100 % 


KaK BHflHo^H3 Ta6 a. 2, cpe^bi, oxHOCHiunecH k nepBofi rpynne, ah6o 
BOB ce He BosaeHCTByiOT Ha npeaeji bhhocahbocxh cxaAH, ah6o, oxjiamaa* 
UHKJiHHecKH HarpynceHHbie o6pa3iibi, He3HaHHxeAbHO noBbimaioT hx buho- 
cjiHBOCTb (renTaH [3]). Bee cpe/ibi, oxhochiahcch k xpexben rpynne (noBepx- 
HOCTHO-aKTHBHbie CpeAbi), 3aKOHOMep HO CHHHOIOT npeaejl BbIHOCJIHBOCTH 
cxa^H, npnneM axo CHHJKeHHe 33 bhchx ox bhab CX3JIH H ox noBepxHocxeH 



Pnc. 3. CTOHKOCTb XPOMHCTUX CTaJICH k aacop&moH- 
HOH H KOPP03HOHHOH yCTaJIOCTH B 3aBHCHMOCTH OT 
TBep^OCTH. 


aKXHBHocxH cpeAbi. MnHepaAbHoe HeaKXHBHsnpoBaHHoe CMaaoHHoe Macjio 
HeaHaiHxejibHo CHHH<aex npeAeji ycxajiocxn (ox 3 ao 8 %) paexHxenbHoe 
cwaacwHoe Macao, Ka K Gojiee noBepxHocxHO-aKXHBHoe, chhshao npe^eji ‘yexa- 
.locra Ha 16%. AKXHB3UHH Macjia JKH P HbIMH KHCJ10X3MH npHBOAHX K CHH*e- 

HHK> npe^ejia ycxajiocxH ao 20%. 3xo CHH^emie nponcxoAHT B ochobhom 
nOA BAHHHHeM <JlH3H4eCKOH aACOp6UHH, XOXH XeMOCOpSUHOHHbie npoueccbi 
B 3TOM CAyqae He HCKAioneHM. n P n aKXHBannH HefixpaAbHoro BaaejiHHOBoro 
iwacjia pexHAOBbiM cnHpxoM (CieHsaOH) nojiyqaexca cpeAa aScoAioxHO kod- 
p03HOHHO-HeaKXHBH3H, BOSAeHCXBywmaH Ha UHKJlHieCKH HarpyjKeHHVIO 
cxaAb TojibKo BCAeACXBHe cJ»H3HHecKOH aAcopSunn. 3xa cpeAa Aajia cHH*e- 
™ T e „ npeiieJIa ycTaAocra H3 3—6%. KoHCHcxeHXHbie CM33KH CHH3HAH npeAeA 
>CTaAOCTH cxaAH LUX- 15 Ha 5,5%. XapaKTepHO, qxo orpaSoxaHHoe Macjio 
ML He H3MeHHAo CBOHX no B epxHocxHO-aKXHBHbix KaqecxB nocjie paSoxu 
b ABnraxejie, oKa3a B xanoe m.e bahhhhc Ha npeAeji ycxajiocxn cxajin 40X 
Kan n CBe>Kee Macjio. ’ 


KoppOSHOHHO-aKXHBHaH CpeAa (AHCXHJIAHpOBaHHaH BOAa) A 3 A 3 AJIH 
Bcex exa^en 3HaqnxeAbHoe CHHJKeHne npeAejia ycxaAocxH, 3aBncsmiee ot 
B peMeHn npeobiBaHHH MexaAAa b cpeAe noA Harpy3KOH *. 
ii [ ,ttHar P aMMe P HC - 0 npeACxa B jieHbi KpnBbie, noKa3biBaiomHe BAHHHHe 
11 n 111 rpynn jkhakhx cpeA Ha BbiHocjinBocxb cxajin b 3aBncnMocxn ox 
xBepAoexH. Ha ocn opAHHax oxjio^eHbi BeAHHHHbi KoaiJxJjHUHeHxa unKJinqe- 
CKOH npOHHOCXH CX3AH npH BAHHHHH CpeAbI, 3 HO OCH a6CHHCC — XBepAOCXb 
ncnbixaHHOH ^ cxaAH. HcnbixaHHH npoBOAHAncb b aKXHBnpoBaHHOM OAeHHO- 
BOH KHCAOXOH MaCAe MC H B AHCXHAAHpOB3HHOH BOAe, oSorailieHHOH KHCAO- 
POAOM B03Ayxa. 

Kan bhaho H3 AnarpaMMbi pnc. 3, CHHAteHne npeAeAa ycxaAocxn noA 
BAHHHHeM nOBepXHOCXHO-3KXHBHOH CpeAbI He 33BHCHX OX XBepAOCXH CX3AH, 


B Ta6aHue npHBe^aeHbi jiaHHbie ajib ycjioBHoro 
no^yMeHHoro Ha 6a3e N = 20 • IQ 6 hhk^ob HarpyjKeHHH. 


npe^eaa koppo 3 hohhoh ycTajiocTH, 
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CHH>KeHH6 TKe TlOJX BJIHHHHeM K0pp03H0HH0-3KTHBH0H CpeAbi TeM BblUie, HeM 
TBep^Ke CTajib. 3aBncHMOCTb CHH>KeHHH BbiHocjiHBOCTH CTajiH ot ee TBep- 
A OCTH nOA BJIHHHHeM K0pp03H0HH0H CpeAbI nOXO)Ka Ha 3 aBHCHMOCTb CHH>Ke- 

HHH BbIHOCJIHBOCTH CTajiH 
nOA BJIHHHHeM KOHUeHTpa- 
TOpOB HanpHH<eHHH. 

Ha pHC. 4 npHBeAena 
AHarpaMMa, noKa 3 biBaio- 
man OTHOCHTejibHyio noTe- 
piO BbIHOCJIHBOCTH CTajiH 
40 X nOA BJIHHHHeM pa 3 JIHH- 
HblX epeA B 3 aBHCHMOCTH 
OT TepM 006 pa 60 TKH CTajiH. 
JtHarpaMMa noKa3biBaeT, 
hto TepMoo 6 pa 6 oTKa CTajiH 
40 X npaKTHHecKH He no- 

BJIHHJia Ha CHHJKeHHe Bbl- 
Phc. 4 . CTofiKocTb CTajiH 4 OX k a£cop6uHOHHOH hocjihbocth npH B03Aefl- 

H K0pp03H0HH0H yCTajIOCTH B 3 aBHCHMOCTH OT Tep- CTBHH nOBepXHOCTHO" 3KTHB- 

M 006 pa 60 TKH. H0 H C p e ^ u . n p H B03AGH- 

CTBHH TKe K0pp03H0HH0-aKTHBHbIX CpeA BJIHHHHe TepM006pa60TKH 3 HaHH- 
TeJIbHO. 



XapaKTepHo, hto b nocjieAHeM cjiynae BejiHHHHa noTepn bbihocjihbocth 
H e corjiacyeTCH c noTepeft Beca noA bjihhhhcm koppo 3 hohhoh cpeAbi, hto 
bhaho h 3 pHC. 5 , TAe npHBeAeHa AHarpaMMa noiepn b Bece SBTeKTOHAHOH 
CTajiH pa3AHHHOH CTpyKTypbi, 

3 aHMCTB 0 BaHHan y T. B. Akh- 
MOBa [ 27 ]. 

ripHBeAeHHbie AnarpaMMu 
no3BOjiHK)T npeAnojio^HTb, hto 
4>aKTOp CHHH<eHHH BblHOCJIH- 
BOCTH B nOBepXHOCTHO-aKTHB- 

Hbix cpeAax (aACop6uHOHHO- 

pacKjiHHHBaioiAHH 3 (})(|)eKT Pe- 

6nHAepa) AeiiCTByeT b MHKpo- 
oS^eMax, MeHbiiiHx pa3Mepa 
3epHa, b CHJiy nero He 33 bh- 
CHT OT CTpyKTypbi CTajiH. 

OaKTOp CHH>KeHHH Bbl- 
HOCJIHBOCTH B K0pp03H0HH0- 
arpeccHBHbix cpeAax 33 bhcht 
ot CTpyKTypbi CTajiH h, one- 
bhaho, A^HCTByeT b MHKpoo6'beMax, dojibiHHX pa3Mepa 3epHa. 3tot cfiaKTOp, 
KaK noKa 3 biBaeT cpaBHeHne AnarpaMM pHC. 4 h 5 , He 33BHCHT ot o6men 
Koppo3HH, npoTeKaiomen b cpeAe. 

BbicKa3aHHbie coo6pa>KeHHH iio3bojihiot npeAnojiaraTb, hto noBepxHO- 
CTHO-aKTHBHbie cpeAbi bjihhkdt Ha Hanpn>KeHHH BToporo h TpeTbero poAa, 
b to BpeMH KaK Kopp03HOHHO-aKTHBHbie 0Ka3biBai0T bjihhhhc Ha Hanpn)Ke- 
hhh nepBoro poAa. 



Phc. 5 . rioTepa b Bece CTajiH ( 0 , 9 % C) b KOp- 

p03HOH!HOH Cpe^e B 33BHCHMOCTH OT TepMO- 
o6pa6oTKH. 
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HHCTHTyT CTPOHTEJIbHOH MEXAHHKH AKA£EMHH HAYK YCCP 

1953 CEOPHHK TPy/tOB Jib 13 


MCCJ1EAOBAHME IIPOHHOCTH CTAJIbHbIX KOHCTPyKUHH, 
PAEOTAKHUHX nPH HEPEryjIflPHbIX nEPEMEHHbIX HArPy3KAX 

r. B. Kopneee 

B CTaTbe H3Jiarae?CH pa3pa6oTaHHan aBTOpOM MCTOAHKa 3KcnepHMeHTa.nbHoro nccjie- 
AOB3HMH npOMHGCTH SACMeHTOB CTaJIbHbIX KOHCTpyKUHH, pa60TaiOIUHX npH Hepery^HpHUX 
nepeMeHHbix Harpy3Kax, no3B0^5iiomaH 3HaqnTe.JibHo uinpe, ueM 3To npoBOAHTCH b HacTOH- 
mee BpeMH, H3yuaTb npoHHOCTb h AOjiroBeuHOCTb KOHCTpyKUHH. B nacTHOCTH paccMOTpeHbi 
cJieAyiomHe Bonpocbi: 

1. y cjioBiHh nepexoAa ot xapaKTepHCTHK npoHHocTH MeTaAJia k xapaKTepncTHKaM 
npOHHOCTH 3/ieMeHTOB KOHCTpyKUHH. 

2. KoHTaKTHbie npn6opbi, cKOHCTpyHpoBauHbie aBTOpOM, ajih perncTpaunH HHceJi no- 
BTopeHHH riepeMeHHbix HanpH>KeHHH h aMruimyA Hanpn>KeHHH b 3JieMeHTax CTajibHbix 
KOHCTpyKUHH BO BpeMH HX 3KCnAyaT3 U.HH. 

3. MeTOAHKa OUeHKH npOHHOCTH H AGArOBe^HOCTH SAeMeHTOB KOHCTpyKUHH no A3H- 
HblM 3KCfIAyaTaUHOHHbIX HCnbITaHHH. 


BBeACHwe 

Poct TexHH^ecKoro nporpecca Harnefi counajiHCTHqecKOH poAHHbi Tpe- 
6yeT coBepuieHCTBOBaHHH MauiHH h coopy^KeHHH, yTOHHeHHH 3anacoB ripoq- 
HOCTH H pa3BHTHH MeTOAOB paCHeTa. B 3TOM HanpaBJieHHH Be^yT TBOpqeCKyiO 
pa6oiy MHome yqeHbie, HH>KeHepbi h nepeAOBbie pa6oqne. Ho HecMOTpn Ha 
Bee HOBbie h HOBbie AOCTHHveHHH b MeTOAax pacneTa h npoeKrapoBaHHH, 
Bonpocbi o BejiHHHHax pacqeTHbix Harpy30K h K034>(j)HUHeHT0B 3anaca npon- 
hocth pa3pa6oTaHbi HeAocTaTOHHo. 

KOHCTpyKUHH npH BBOAe HX B CTpOH nOCJie H 3 rOTOBJieHHH HJIH peKOH- 
CTpyKUHH peAKo npoBepnioTCH Ha npoHHOCTb iioa ABHCTBHeM SKcruiyaTauHOH- 
Hbix Harpy 30 K. Mnorne H3 hhx pa6oTaioT BnojiHe hba^hkho, HeKOTopbie >Ke 
Mepe3 HenpoAOJi>KHTeJibHbiH nepnoA 3KcnjiyaTauHH BbixoA^T H3 crpon. 

He HcnbiTaB KOHCTpyKUHio b ycjiOBHnx ee cjiy>K6bi, t. e. npn caMbix 
pa3Hoo6pa3Hbix pe>KHMax Harpy/Keunn, Hejib3H CKa3aTb, HacKOJibKO OHa 
npo^Ha h AOJiroBenHa. He conocTaBHB AaHHbie pacqeTa c AaHHbiMH ncnbi- 
T3HHH, HeJIb3H OUCHHTb npaBHJIbHOCTb paeqeTHbIX MeTOAOB. 

MHorne MaiiiHHbi h coopy>KeHHH HaxoAHTca nou AencTBHeM HepaBHO- 
MepHbix nepeMeHHbix Harpy30K, Bbi3biBaioiuHX b hx sjieMeHTax caMbie pa3HO- 
o6pa3Hbie nepeMeHHbie Hanpn^KeHHH. HepaBHOMepHocTb b Harpy>KeHHHx 
xapaKTepHa ajih thkhx KOHCTpyKUHH, KaK noA'beMHbie KpaHbi, TpaHcnopTepbi, 
3 KCKaBaTOpbi, moctm, Kopa6jiH h np. Kan BejiHKa HepaBHOMepHocTb aoh- 
CTBVIOIUHX CHJI H nO K3KHM 3aKOHaM B peaJIbHbIX yCJIOBHHX 3KCnJiyaTaUHH 
H3MeHHK)TCH Harpy>KeHHH B 3JieMe?lTaX MHOTHX CymeCTBVTOLUHX KOHCTpyK- 
UHH, AocTOBepHo He H3BecTHO. Cnjiomb h phaom Harpy3KH hocht HeycraHO- 
biibllihhch xapaKTep c B03M0>KHbiMH uacTbiMH hjih peAKHMH rieperpy3KaMH. 
<PaKTHHecKHe Harpy>KeHH5i KOHCTpyKUHH ctojib pa3HOo6pa3Hbi, mto He Bcerua 

134 


Sanitized Copy Approved for Release 2010/04/21 : CIA-RDP80T00246A032500880001-4 



Sanitized Copy Approved for Release 2010/04/21 : CIA-RDP80T00246A032500880001-4 


npH ripoeKTHpoBaHHH mojkho npeABHAeTb Han6ojiee onacHbie cjiyqan H3 hhx, 
noaTOMy coBepmeHHO oneBHAHo, hto cymecTByioT pacxo>KAeHHH pacneTHbix 
AaHHbix c ACHCTBHTejibHbiMH, npHBOAfliune jih6o K 3aBbIUieHHOMy 3anacy 
npo^HOCTH h yBejiHneHHOMy pacxoAy MaTepnajioB, jih6o k noHH^eHHio 
npO^HOCTH H npe>KAGBpeMeHHOMy BbIXOAy KOHCTpyKUHH H3 CTpOH. 

PacneT cTajibHbix KOHCTpyKUHH, noABep^KenHbix nepeMeHHbiM Harpy>Ke- 
HHHM, HaCTO BeACTCH no CTaTHHeCKHM Harpy3KaM, H 3T0 HeCOOTBeTCTBHe 
CTpeMHTCH HcnpaBHTb nyTeM yMHOHveHHH CTaTH^ecKOH Harpy3KH Ha K03(})(})H- 
UHeHTbl, BeJIHHHHbl KOTOpbIX He BCerAa TOHHO H3BeCTHbI. 

llepeMeHHbie HanpHHteHHH, AencTByioiuHe b sjieMeHTax KOHCTpyKUHH, 
HHorAa cpaBHHBaioT c ycTajiocTHbiMH xapaKTepHCTHKaMH Maiepna^a, npeHe- 
6peran <f)aKTopaMH pa3jiHHHH Me>KAy 3JieMeHT0M KOHCTpyKUHH h jia6opa- 
TopHbiM o6pa3uoM: KOHueHTpauHen Hanpn>KeHHH, hhctotoh o6pa6oTKH, 
BJiHHHHeM KOppo3HH h HecooxEeTCTBHeM pa3MepOB jia6opaTopHoro o6pa3ua 
H 3AeMeHTa KOHCTpyKUHH (t. e. MaCUITa6HbIM 4>aKTOpOM). 

3th (JjaKTOpbl nOHTH He BJIHHIOT Ha XapaKTepHCTHKH CTaTHHeCKOH npOH- 
HOC.TH, HO CHJlbHO BJIHHIOT Ha npOHHOCTb npH nepeMeHHbIX Harpy^KeHHHX, 
h ecjiH b sjieMeHTe KOHCTpyKUHH 6yAyT AencTBOBaTb Hanpn>KeHHH, He npe- 
BbimaiomHe npeAeji ynpyrocra, ho npeBbimafomne npeAeji ycTajiocTH, 
h HHCJia hx noBTopeHHH 6yAyT 6ojibme npeAejibHbix, to 3th Hanpn>KeHHH 
MoryT Bbi3BaTb yerajiocTHbie pa3pymeHHH. 


ycjiOBHfl nepexoAa ot xapaKTepHCTHK npoqHocTH MeTajiJia 
K XapaKTepHCTHKHM npOHHOCTH 3JieMeHTOB KOHCTpyKUHH 

MHoroKpaTHoe H3MeHeHHe HanpnjKeHHH, ripeBbiuiaioLUHx HeKOTOpbift npe- 
Aeji, Bbi3biBaeT b MaTepnajie hbachhh nporpeccHBHoro pa3pymeHHH, Ha3bi- 
BaeMbie ycTajioeTbio MaTepnajia. 

3aBHCHM0CTb Me>KAy npeAeJIbHbIMH HanpH^KeHHHMH H HHCJiaMH UHKJIOB 
hx noBTopeHHH ao pa3pyweHHH MaTepnajia xapaKTepH3yeTcn ycTajiocTHon 
KpHBOH. Hh oaho HanpH>KeHHe, BbixoAHUiee 3a npeAejibi stoh KpHBOH, He 
M0>KeT noBTopHTbCH 6ojibuie npeAejibHoro HHCJia pa3. 

HeAorpy30HHbie HanpHHteHHH o6bmHo yBejiHHHBaioT ycTajiocTHyio npoq- 
HOCTb CTaJIH, HO npH HX MaJIbIX BeJIHHHHaX, MeHbLUHX HeKOTOpbIX 3Ha i ieHHH, 
Ha3bIBaeMbIX „KpHTHHeCKHMH“, ynpOHHeHHe He npOHCXOAHT. 

neperpy30HHbie HanpsDKeHHH HHorAa ynpoHHHioT CTajib, ho name pa3- 
ynpOHHHIOT. 3tO 33BHCHT OT HX BeJlHHHH H HHCejI noBTopeHHH. 

BbIHCHeHHe BJIHHHHH COBMeCTHOTO A^HCTBHH neperpy30K H HeAOrpy30K 
Ha AOjiroBeHHocTb CTajiH hbahctch BecbMa bb>khoh sauaneH, TaK KaK 
MHorne KOHCTpyKUHH pa6oTaK)T npn HeperyjiapHOM pe>KHMe H3MeHeHH5i 
HanpHH<eHHH. 

McnbiTaHHH Ha AOJiroBeraocTb CTajibHbix o6pa3UOB npn MHoronpaTHbix 
nepeAOBaHHHX neperpy30HHbix HanpjDKeHHH npoH3BOAHJincb B. M. Baxa- 
peBbiM *. HcnbiTaHHH noKa3aAH, hto nocjieAOBaTeJibHOCTb achctbhh neperpy- 
30HHbIX Hanpn>KeHHH pa3HOH BejIHHHHbl npH 6oJIbIHOM HHCJie HepeAOBaHHH 
nepecTaeT 3aMeTH0 BjiHHTb Ha H3MeHeHne AOJiroBenHOCTH. 

C. B. CepeHceH** npnxoAHT k BbiBOAy, ^to npn aohctbhh neperpy 3 oq- 
Hbix Hanpa>KeHHH, Bbi3biBaioiuHx MHorocTyneHnaToe H3MeHeHHe BejiHHHHbi 
aunjiHTyAbi, ycjiOBne AOAroBeHHocTH MO>KeT 6biTb Bbipa>KeHo Tan: 


Ni' + N,' + N,' + ' 


+ A =1 

N k ’ l ’ 


( 1 ) 


rjxe + — o6mee ^hcjio uhkaob neperpy30HHbix 

HanpnmeHHH 3a Becb npouecc nepeMeH- 
Horo Harpy>KeHHH ao pa3pymeHHH; 

* B. M. B a x a p e b, 06 VTOMaHeMOCTH CTajieft npn noBTOpHbrx neperpv3Kax, Tpy^bi 
UHAM, 91, 1945. 

** C. B. CepeHceH, 06 oueHKe aoji tob e ^ hoct h npn H3MeHHK>me«CH aMnjiHTyAe 
nepeMeHHbix HanpajKenHH, „BecTHHK MauiHHocTpoeHHH“, JV1 s 7—8, 1944. 
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AY, AY, AY, . . . , AY — UHKJiH^ecKHe AOJiroBeqHOCTH npn nepe- 

rpy3oqHbix HanpjDKeHHHX a l9 o 2l 03 , . . . , o k 
(cOOTBeTCTBeHHO HHAGKCaM). 

B npaKTHKe 3KcnjiyaTauHH MauiHH h coopynteHHH hmciot MecTo nepe- 
Me^KaiomHecH MHorocTyneHnaTbie Harpy3KH c SojibuiHM hhcjiom hx qepeAO- 
BaHHH. B cbh 3 h c 3THM npH neperpy30HHbix HanpH^KeHHHx ypaBHeHHe (1) 
no3BOJineT onpeAejiHTb AOJiroBenHocTb ajieMeHTOB KOHCTpyKUHH. 

KpoMe yKa3aHHoro, neoSxoAHMo oTMeTHTb, hto pa3pymeHHe npn nepe- 
MeHHbix Harpy3Kax nonra Bcerua HanHHaeTCH b MecTax KOHueHTpauHH Ha- 
IlpH>KeHHH; T3KHMH MeCT3MH HBJIHIOTCH pe3KHe H3MeHeHHH eeqeHHH, OTBep- 
cthh, HepoBHOCTH noBepxHocreH, uapanHHbi, bmhthhm h np. KOHueHTpauHH 
Hanpn^eHHH MO>KeT B03HHKHyTb T3K}Ke H npH HaJIHHHH BHyTpeHHeH HeOAHO- 
poAHocra MeiajiJia (mjiaKOBbix BKJnoneHHH, ny3bipefl, BHyTpeHHHx Tpe- 
mHH H np.). 

BjlHHHHe KOHueHTpauHH Hanpn>KeHHH XapaKTepH3yeTCH 3(|)(j)eKTHBHbIM 
K03(J)4)HUHeHT0M KOHUeHTpaUHH HanpH>KeHHH, yCTaHaBJIHBaeMbIM 06bIHHO 
3KcnepnMeHTajibHbiM nyTeM. 3HaneHHH sthx K03(j)4)HUHeHT0B mo^kho Haftra 
b Tpy^ax C. B. CepeHceHa, H. A. OAHHra, T. B. y^KHKa, H. B. noA30jiOBa 
h Ap., a TaKJKe b cnpaBOHHHKax h b jiHcmax ajih KOHCTpyKTOpa, nenaTae- 
MMX B )KypHaJie ( „BeCTHHK MaiLIHHOCTpOeHHH^. 

SjieMeHTbl KOHCTpyKUHH o6bIHHO BbinOJIHHIOTCH H3 npOKBTHOH CTaJIH 
b coctohhhh nocTaBKH, t. e. noBepxHocTb hx nocjie npoKaTa He o6pa6aTbi- 
BaeTCH. IloBepxHocTHbiH cjioh sjieMeHTa KOHCTpyKUHH HBjiseTCH Han6ojiee 
Hanpn^KeHHbiM h oh b ochobhom onpeuejineT ycTajiocTHyio npoqHocTb npH 
nepeMeHHbix Harpy3Kax. Phckh h uapanHHbi, HMeiomnecH na noBepxHOCTH 
SJieMeHTa KOHCTpyKUHH, AGHCTByJOT KaK Haupe3bl, OKOJIO KOTOpbIX KOHUeH- 
TpHpyioTcn Hanpn>KeHHH, cHH^KaioiUHe nponHOCTb. Marrae yrjiepouHCTbie 
CTajiH MeHee qyBCTBHTejibHbi k noBepxHocrabiM noBpe^KueHHHM no cpaBHe- 
HHfO C BbICOKOyrjiepOAHCTbIMH H JierHpOBaHHbIMH. 

BjiHHHHe coctohhhh noBepxHOCTH na conpoTHBjieHHe ycTajiocTH CTajien, 
HMeioiunx pa3JTHHHoe BpeMeHHoe conpoTHBjieHHe, xapai<TepH3yeTCH AHarpaM- 
MaMH, npHBeAeHHbiMH b Tpyuax C. B. Cepencena *, A. H. CaMoxouKoro **, 
a TaK>Ke b jiHCTKax ajih KOHCTpyKTOpa. 

Ha ycTajiocTHyio nponHocTb CTajiH BJinneT TaK>Ke h Maciirra6HbiH c})aK- 
Top. BepOHTHocTb HajiHHHH onacHbix Aec})eKTOB b KpynHbix AeTajinx 3HanH- 
TejibHO 6ojibine, neM b mcjikhx. 

BjIHHHHe a6C0JIK)THbIX pa3MepOB OUeHHBaeTCH K03(|)Cj)HUHeHT0M, KOTO- 
pbifi onpeAejineTcn nyxeM uejioro pnua HcnbiTaHHH Ha ycTajiocTb pa3jiHHHbix 
no BejiHHHHe jiadopaTopHbix o6pa3uoB. B SHUHKjioneAHnecKOM cnpaBOHHHKe 
„MauiHHOCTpoeHHe u npHBeAeHbi AnarpaMMbi ajih yqeia MacnrradHoro 
(})aKTOpa. 

Heo6xoAHMo TaK>Ke ynecTb BjiHHHHe Koppo3HH na ycTajiocTHyio npon- 
HocTb CTajiH, Tax KaK b CTajibHbix KOHCTpyKUHHx, paSoTaioiunx npn nepe- 
MeHHbix Harpy3Kax, ycTajiocTHbie TpeiUHHbi b ycjioBHnx Koppo3HOHHon cpeAbi 
B03HHKaiOT H pa3BHBaiOTCH BeCbMa HHTeHCHBHO, CHHJK3H 3THM AOJirOBeHHOCTb 
MeTajiJia. 

CHH>KeHHe npeAejia ycTajiocTH ot Koppo3HH mojkho yqHTbmaTb no A^a- 
rpaMMaM, npHBeAeHHbiM b TpyAax C. B. CepeHceHa h ap* 

npHHHMan BO BHHMaHHe (|3aKT0pbI pa3AHHHH Me^Ay Jia6opaTOpHbIM 
o6pa3uoM h 3JieMeHT0M KOHCTpyKUHH, onpeAejiHM npeueji ycTajiocTH nocjieA- 
Hero, nojib3yncb cjreAyioiUHM ypaBHeHHeM: 

( o-!) k = fdjdsdgff.,, (2) 

r^e (o_i)t — npe^eji ycTajiocTH 3JieMeHTa kohctpykuhh; 

a_j — - npejjeji ycTajiocTH nojiHpoBaHHoro jia6opaTopHoro o6pa3u,a 
(h3 toto me MaTepnajia, qTO h ajieMeHT KOHCTpyKUHH) ; 

* C. B. C e p e h c e h, npoqnocTb MeTajiJia h pacqeT ^eiajieH MauiHH, OHTH, 1937. 

** A. H. CaMOxouKHfi, YcTa^ocTb qepHbix h UBeTHbix MeiajuiOB, 06oponrH3, 1940. 
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e K03(})c})HUHeHT yqeTa Macurra6Horo (faKTOpa; 
di — K03$4)HUHeHT yqeTa KOHueHTpauHH HanpH>KeHHH; 

^2 K03(})(|)HUHeHT yqeTa HHCTOTbl nOBepXHOCTH ; 

^3 — K03(J)(J)HUHeHT yqeTa K0pp03HH. 

A™ y^ScTBa ^ajibHefimero H3jio>KeHHH o6o3HaqHM npoH3Be^eHHH 3thx 
K03(})(J)HUHeHT0B 6yKBofi K, t. e. K = €did 2 ds. Torjxa 

( a -i)* = J&r-r (3) 

npH aCHMMeTpimHbIX UHKJiaX 3TH (fiaKTOpbl 3HaqHTejIbHO BJIHHIOT Ha 
aMnjiHTy/jy HanpH>KeHHH h oqeHb He3HaqHTejibHO Ha nocTOHHHyio cocTaBjiHK)- 
myio (Ha cpe^Hee Hanpn>KeHHe UHKjia), a nooTOMy: 

(o a ) K = Ro a ; ( 4 ) 

(°cp)« = <?cp; (4*) 

( (J »iaicc)K ~(^a)K + ff c p, (5) 

rAe (cTm«kc)k — MaKCHMajibHoe ycTajiocTHoe HanpnmeHHe ajih ajieMeHTa 
KOHCTpyKUHH; 

( <y a) K — aMnjiHTyAa Hanpn^KeHHH Toro me UHKJia; 

( CT cp) cpe^Hee HanpH>KeHHe Toro >xe UHKjia. 

KoHTaKTHbie np«6opbi ajih HccjieAOBaHHH noBTopneMocTH HanpsuKeHHH 
B MeTaJIJIHHeCKHX KOHCTpyKUHSIX 

B HaCTOHIH.ee BpeMH npH HCCJie/I.OBaHHH pe^HMOB H3MeH6HHH HanpH>K6- 
HHH b 3jieMeHTax KOHCTpyKUHH npHMeHHioTCH npHfiophi, sanHCbiBaiomHe Kpn- 
Bbie H3MeneHHH HanpnmeHHH bo BpeMeHH — TeH3orpaMMbi, KOTopbie Ha- 
tjih^ho xapaKTepH3yioT pe^KHMbi H3Me- 
HeHHH HanpH>KeHHH. Ho cymecTByjomne 
npnfiopbi He Bceryja MoryT ofiecneqHTb 
A*/iHTejibHbie, Heo6xo,aHMbie npH Hccjie/jo- 
B3HHH HeperyJIHpHbIX pe>KHMOB H3MeHe- 
HHH HanpH>KeHHH HCnbITaHHH, K TOMy >Ke 
o6pa6oTKa ^aHHbix, nojiyqeHHbix no- 
cpe^CTBOM sthx npn6opoB, BeCbMa yTO- 
MHTeJIbHa H rp0M03/JKa. 

}Kejian co3^aTb dojibmyio bo3MO>k- 
HOCTb AJIH UIHpOKOrO HCCJie^OBaHHH, MbI 
CKOHCTpynpoBajiH npHdopbi-aBTOMa™, 
perncTpHpyiomHe qncjia noBTopeHHH ne- 
peMeHHbix HanpH>KeHHH h aMiurnTy# Ha- 
npH>KeHHH, AeHCTByfomHx B HCCJie^yeMbix 
3JieMeHTax KOHCTpyKixHH: C3H — cqeT- 
hhk 3a^aHHbix Hanpn>KeHHH, C3A — 
cqeTquK 3a/iaHHbix aMruiHTy;* Hanpn>Ke- 
HHH H K-C3H-C3A — KOM6HHHpOBaH- 
HbiH cqeTqHK 3aaaHHbix HanpnweHHH h 
aMnjiHTyA Hanpn>KeHHH. 

3th npndopbi aBTOMaTHqecKH OTcqn- Phc. 1. 

TbiBaioT qncjia noBTopeHHH nepeMeHHbix 

HanpH>KeHHH, 3apaHee ycTaHOBjieHHbix no KJiaccaM BejmqHH, ohh coBMemafOT 
npouecc HcnbiTaHHH c jxajibHeuumM npoueccoM o6pa6oTKH nojiyqeHHbix AaH- 
Hbix h 6jiaro^apH SToiviy ^aiOT B03M0>KH0CTb oxBaTHTb b Sojibineft Mepe 
pa3Hoo6pa3ne SKcnjiyaTaunoHHbix Harpy30K. KoHCTpyKima aaHHbix npH6opoB 
no3BOJineT b jiio6oe BpeMH ncnbiTaHHH CHHTb noKa 3 aHHH co cqeTUHKOB h no 
HHM Cy/lHTb O npOqHOCTHOM COCTOHHHH HCnblTyeMOTO S^eMeHTa KOHCTpyKUHH 
b uaHHbin MOMeHT. ,D,jih npudopa-aBTOMaTa HaMH 6buia Bbi6paHa cxeivia, 
npeucTaBJieHHau Ha pnc. 1. 

IlpHHUHn ^eucTBHH npn6opa 3aKJnouaeTCH b tom, hto c HcnwTyeMbiM 
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BOJfOKHOM, Ha nOBepXHOCTH SJieMeHTa KOHCTpyKUHH, CBH3aHa SJieKTpHHeCKaH 
KOHTaKTHBH napa KK o, npH 3aMbIKaHHH KOTOpOH AOJDKeH CpafiOTaTb CHe^HK 
HMny;ibcoB C , nnTaeMbiH ot HCTOHHHKa nocTOHHHoro TOKa (b cjiyuae paSoTbi 
npn6opa Ha nepeMeHHOM Tone npHMeHHeTCH BbinpHMHTejib). JXjir ycTpaHeHHH 
npOH3BOJIbHbIX OTCHeTOB, KOTOpbie MOryT B03HHKHyTb npH BH6paUH5IX, B A2T- 
HHK BBeAGH AOnOJIHHTeJIbHO KOHTaKT nOAFOTOBKH K,. 3T0T KOHTaKT BKJHOHeH 



Phc. 2. 


Phc. 3. 


b ceToqHyK) uenb jiaMnbi J1 2. Pojib stoh KOHTaKTHOH napbi h pejie 3aK.nio- 
naeTCH b noAroTOBKe cneTHHKa k OTcneTy. Be3 npeAsapHTejibHoro KOHiaKTa 
3TOH napbi He MO>KeT np0H30HTH OTCHeT Ha CHeTHHKe (BHe 3aBHCHMOCTH OT 
Toro, CKOJIbKO 6bl pa3 He KOHTaKTHpOBajIH napbi KKo)- npn 3aMbIKaHHH 
KOHTaKTOB KKn HpOHCXOAHT BbIKJIIOUeHHe CHeTHHKa, H TaKHM o6pa30M CHeT- 
hhk noAroTaBJiHBaeTCH k oTcneiy. 3a3opbi uemjxy KOHTaKTHbiMH napaMH 
xapaKTepn3yioT BejiHHHHy Aecj)opMauHH 3jieMeHTa KOHCTpyKUHH Ha AJiHHe L 
KoHTaKTHbie napbi pa3MemeHbi b rojiOBKe AaTHHKa, KOTopbin Kpenmca 

k ncnbiTyeMOMy ajieMeHTy KOHCTpyKUHH ; 
CHeTHHKH HMnyjIbCOB BMOHTHpOBaHbl B 
oTAejibHoe ycTpoftcTBo, Ha3BaHHoe pern- 
CTpnpyiouiHM nyjibTOM. JX aTUHK coeAn- 
HneTCH c perncTpnpyionxHM nyjibTOM th 6- 
KOH 3JieKTpOnpOBOAKOH, n03B0JIHK)meH 
noMecTHTb nyAbT b yAo6HOM aah Ha6jno- 
AaTejiH MecTe. 

npH6op-aBTOMaT Mo>KeT pa6oTaTb 
npn nepeMeHHOM (127 e) h npn nocTOHH- 
hom Tone (110 hjih 220 e). 

Ha pHC. 2 noKa3aH jxa thhk npnOopa, 
ycTaHaBjiHBaeMbin Ha ncnbiTyeMOM 3JieMeHTe KOHCTpyKUHH. Ha pnc. 3 no- 
Ka3aH perHCTpnpyiomHH nyjibT npnfiopa. 

npo^Hoe onncaHHe npH6opoB-aBTOMaTOB npHBeAeHO b Apyroft Hamen 
CTaTbe*. 

Ha ocHOBaHHH AaHHbix, noAyneHHbix nyTeM perncTpauHH HHceji noBTO- 
peHHH HanpH>KeHHH npH6opaMH C3H, C3A h K-C3H-C3A, mo>kho nocrpoHTb 

rpacf)HKH CTaTHCTHHeCKOH naCTOTbl HanpH>KeHHH 3a epOK HCnbITaHHH KOHCTpyK- 
UHH H SKCTpanOJIHpOBaTb HHCJia nOBTOpeHHH HanpH>KeHHH Ha JIK)60H CpOK 
ee cjiy>K6bi (pnc. 4). 

3tH rpa^HKH n03B0JI5H0T CTaTHCTHHeCKH XapaKTepH30BaTb pe>KHMbI H3- 
MeHeHHH Hanpn>KeHHH b HcnbiTyeMbix ajieMeHTax KOHCTpyKUHH, nocjie Hero 
mo>kho nepeiiTH k oueHKe itpohhocth h AOJiroBennocTH nocjieAHHx. 


* T. B. Kopnees, KoHTaKTHbie npHSopu rjir nccjieaoBaHHH noBTOpneMocTH Ha- 
npfDKeHHH b MeTaajiHnecKHx KOHCTpyKUHflx, HH(Jx>pMauHOHHbie MarepHajm HH-Ta CTpon- 

TeabHOH MexaiHHKH AH yccp, JSTe 4, 1949. 
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OueHKa npoMHOCTH h aoji tobchhocth ajieiweHTOB KOHCTpyxuHH 

Ann OUCHKH npOHHOCTH H flOJITOBeHHOCTH SJieMeHTOB KOHCTpyKUHH He^O- 
CTaTOMHO 3HaTb tojibko aeHCTeytomne HanpaJKeHHH h MHCJia hx noBToperfHH 
3a tot hjih hhoh cpoK cjiy>x6bi, Hauo 3naTb ein,e h npe^ejibHbie xapaKTepH- 
CTHKH HX npOMHOCTH H UOJirOBeHHOCTH. 

no^b3yacb cxeMaTH3HpoBaHHoft AHarpaMMoft npeiie^bHbix Hanpa>KeHHH 
^-laKC = / (ffcp), nOCTpOSHHOH C HeKOTOpOH CTeneHbK) npnSjIHMeHHH no 
npa.MOJiHHeHHofl 33 bhchmocth MejK^y MaKCHMajibHbiMH h cpe^HHMH Hanpn- 
jKeHHaMH, Bbipaa<aeM npeuejibHoe 3HaneHHe HanpaxieHaa caeayiomaM 
ypaBHeHHeM: 


^MaKC ff _l tg (6) 

me tg j3 — yrjioBofl K03<Jx})HUHeHT npaMoft, npoxoAamea aepe3 uBe tohkh 
c KoopAHHaTaMH 0) h (ff MaKC , ff cp ). 

B JiHTepaType no uaHHOMy Bonpocy BCTpeaaeTca pan jiHHeftHux 33 bh- 
cuMocTen, nojiyaeHHbix ajih rjiauKHx jiaSopaTopHbix o6pa3uoB; HexoTopbie 
uacTO BCTpe^aiomHeca H3 hhx mo>kho npa- 
BecTH k creayiomeMy Buny: 

^MaKC 1 “B^cp (1 y , )> (7) 

rue 1— V' = tg(3. 

HanSo^ee 6 .th3koh[ k jieftcTBHTeJib- 
hocth aB^aeTca 3aBncHMOCTb, npe;yio}KeH- 
Haa C. B. CepeHcenoM *, npn KOTopoft 

2<r_ 1 —a 0 

*=——■ (« 

ypaBHeHHe JIHHeHHOH 3aBHCHMOCTH 
Me>KAy npeAe^bHbiMH HanpjDKeHHHMH acHM- 
MeTpHHHoro UHKJia AJin s^eMeHTa koh- 
CTpyKUHH Bbipa>KaeTCH tsk: 

+og« (i ■ ~Kxp\ (9) 



r £ e cr„aKc — MaKCHMajibHoe npeuejibHoe Hanpn^KeHHe npH acHMMeTpHHHOM 
UHKJie; 

a cp GA ~ cpeAHee npeuejibHoe Hanpn>KeHHe npH tom >Ke UHKJie. 
npn6jiH^<eHHaH AHarpaMMa npeAejibHbix Hanpn>KeHHH, nocTpoeHHan no 

33BHCHMOCTH (9) npn ip = , npeACTaBjieHa Ha pnc. 5. 

3anac npoHHOCTH npn acHMMeTpHHHOM UHKJie jihhghhoto Hanpn>KeHHoro 
coctohhiih ecTb OTHouieHHe MaKCHMajibHoro npeAejibHoro Hanpn>KeHHH k Ma* 
KCHMajibHOMy nanpH>KeHHK), AencTByioiAeMy b ajieMeHTe KOHCTpyKUHH. 

3aAaMeH HCcjieAOBaTejin HBJineTcn onpeAejieHHe npeuejibHoro uHKJia, 
C KOTOpblM CJieAyeT CpaBHHBaTb UHKJl, ACHCTByiOIAHH B 3JieMeHTe KOH- 
CTpyKUHH. 

npeAOJlbHblH UHKJl CJieAyeT OnpeAOJIHTb, HCXOAH H3 KOHKpeTHbIX yCJIOBHH 
3arpy>KeHHH KOHCTpyKUHH. 

1. no aMepHKaHCKOMy MeTOAy HeocHOBaTejibHo npeAnojio>KeHo, hto bo 
Bcex cjiynanx yBejiHHeHHH Harpy3KH uHKJibi coxpaHHfOTcn noAOOHbiMH BruiOTb 
AO pa3pymeHHH 


SS 2 ' __ S.S/ 0 MSLKC *22 

os/ OS/’ T * e * ~ oT* 


* C. B. C e p e h c e h, OnpeAeJieHHe 3anaca npoHHocTH npH pacneTe AeTajiefl MauiHH, 
„BeCTHHK MaiUHHOCTpoeHHH W , N° 6, 1943. 
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B AaHHOM cjiyuae, no;ib 3 yHCb ypaBHeHneM ( 9 ), MaKCHMajibHoe npeAejib- 
noe HanpaJKeHHe BbipasuM TaK: 


^npeA . 
^MaKC 


of+ Kipol p ' 


( 10 ) 


2 . B MeTo^HKe KoMHTeTa no jxerajinM ManiHH npn Cof 03 e HeMeuKHx 
HH^KeHepoB TaioKe HeocHOBaTejibHO npeAnoAOAteHO, hto bo Bcex ca ynanx 
yBejmneHHH Harpy 3 KH cpeAHee Hanpn>KeHHe uHKAa hbahctch nocTOHHHOH 
BeAHHHHOH 


o?™=0£ p =const 


B ashhom cjiynae MaKCHMajibHoe npeAeAbHoe HanpnyKeHHe Bbipa>KaeTCH 
cjieAyiomHM ypaBHeHneM: 


= Ko-x + tfcp (l -Kip). 


( 11 ) 


3 . B AeftcTBHTejibHOCTH Mo>KeT HMeTb Medo pa 3 pymaiomHH uhkji, aMnjin- 
Tv^a KOToporo paBHa aMiuiHTyAe AeficTByioLuero UHKJia; TaKne uhkam xapax- 
TepHbi ajih pe 3 b 6 oBbix ACTaAen (Soath, mriHAbKH) c npeABapHTejibnon 
3 BTH>KKOH 


npH 3 TOM 


^a PeA = (7 a = COnst, 


0 npea _ 

^ m n ur 


Kip 


( 12 ) 


4. XUh KOHCTpyKunii noA^eMHO-TpaHcnopTHbix ManiHH 
UHKjibi npn 

°M P n e .f=°MHn= const, 

= 2KO-1 + — Kip) 

°MaKC 1 +Klp 


xapaKtepHbi 


( 13 ) 


Ka>KAbift H3 paccMOTpeHHbix cAynaeB (npnBeAeHHbix Ha pnc. 5) HBAHeTcn 
qacTHbiM, a nosTOMy 3 aAanen HCCAeAOBaTeAH m/meTCA H 3 yneHHe 33 bhch- 
mocth, CBH 3 biBaioiueH ABa Hanpn>KeHHH: MaKCHMaAbHoe npeAeAbHoe h MaKCH- 
MajibHoe AeficTByiomee b aotbah hah 3 AeMeHTe KOHCTpyKUHH. 3ra 3 aBHCH- 
MocTb HBAHeTCH (^yHKUHeii Harpy3KH. 

3 anac nponHOcra Bbipa^aeTCH CAeAyiomHM ypaBHeHneM: 


(j A 

u MaKC 


( 14 ) 


HaH 6 oAbinee 3 HaneHHe ^kc He aoa>kho npeBbimaTb npeACA TeKyqecTH, 
xaK KaK AHarpaMMa npeACAbHbix HanpnxveHHH orpaHHHHBaeTCH npeAeAOM 
TCKynecTH; nosTOMy, ecAH to 3 anac nponHOCTH 6 yAeT paBeH 


AHaAH 3 Hpyn rpat})HKH CTaTHCTHnecKOH nacTOTbi Hanpn>KeHHH, ACHCTByio- 
iuhx b 3 AeMeHTax KOHCTpyKUHH npH HeperyAnpHbix Harpy 3 Kax, paccMOTpHM 
cAeAyfomne TpH CAynan: 

1 ) ACHCTByioT TOAbKo MHoroeryneHnaTbie HeAorpy 30 HHbie Hanpn>KeHHH; 

2 ) ACHCTByioT TOAbKO MHorocTynennaTbie neperpy 30 HHbie Hanpn>KeHHH; 

3 ) AencTBytoT MHorocTyneHnaTbie HeAorpy30HHbie h neperpy 30 HHbie Ha- 
npn>KeHHH. 
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B riepBOM cjiyqae Mbi npeAJiaraeM onpeAejiHTb npeAejibHbie HanpnHte- 
hhh ^jih HcnbiTyeMoro 3JieMeHTa no HanOojibmeMy HeAorpy3oqHOMy Hanpn- 
>KeHHK), no;ib3yHCb ajih onpeAe.neHHH MaKCHMajibHoro npe/iejibHoro H anpn- 
>KeHHn OAHHM H3 paHee BbiBeAeHHbix ypaBHeHHH (10), (il), (12 ) hjih ( 13) 
npH Bbl6ope KOTOporO HeoSxOAHMO HCXOAHTb H3 KOHKpCTHblX yCJIOBHfi 3 arpy- 
KOHCTpyKunn. B AaHHOM cjiyqae 3anac npoqHocTH onpeaejiHeTcn no 
ypaBHeHnio (14 ) hjih ( 15). 

Bo BxopoM cjiyqae, Kor^a b ajieMeHTe KOHCTpyKunn AencTByioT Mnoro- 
CTyneHnaTbie rfeperpy3o i iHbie Hanpn^KeHHH (npn stom 3anac npoqHocTH nojiy- 
4aeTCH MeHbniHM eAHHHUbl), B03HHKaeT HeoSxOAHMOCTb OnpeAGJIGHHH AOJITO- 
senHOCTH KOHCTpyKunn. He HCKjnoneHa B03M0>KH0CTb Toro, hto AencTByiomne 
neperpy3onHbie Hanpn^KeHHH, HMen He3HaqnTejibHoe qncjio noBTopeHnn, He 
6yAy T npoH3BOAHTb onacHoro ajih AOJiroBeqHocTn KOHCTpyKunn pa3ynpoq- 
HeHHH MaTepnajia h ajieMeHTbi ee 6yAyT AoeraToqHo AOJiroBeqHhi. B ashhom 
cAynae hcoOxoahmo oueHHTb qncjio noBTopeHHH neperpy30K 3a cpoK cjiy^6bi 
KOHCTpyKunn. nojib3yncb ypaBHeHneM (1) n AaHHbiMn ncnbiTaHnn, nojiyqeH- 
HbiMH nocpeACTBOM npn6opoB-aBTOMaTOB (rpa^HKaMn cTaTHcraqecKOH qacTorbi 
HanpnjKeHPin), Mbi Bbisejin aah onpeAejieHnn AOJiroBeqHocTn ncnbiTyeivibix 
3‘jieMenTOB KOHCTpyKUHH cjieAyiomee ypaBHeHne: 


T 


N x ' + N % ' + ' 


+ 


N k " 

N* 


(16) 


tab T — AOJiroBenHOCTb KOHCTpyKunn; 

/ — BpeMH, Ha npoTH^KeHHH KOToporo npoBOAHjiacb pern- 
„ " CTpauHH qnceji noBTopeHHH Hanpn>KeHHH; 

. • . . , N K nncjia umkjiob Ka>KAoro H3 neperpy3o i iHbix Hanpn>Ke- 
hhh ou 02 , ... , <j k , 3aperncTpnpoBaHHbie 3a BpeMH t. 

B TpeTbeM cjiyqae, KorAa b 3JieMeHTe KOHCTpyKunn AencTByioT mhoto- 
CTvneHqaTbie neperpy304Hbie h HeAorpyaoqHbie HanpnxteHHH h BbiqncjieHHbie 
no Ka*AOH ciynenn b OTAejibHoern aanacbi npoqHocTH OKaabmaiOTCH to 
OojIblHHMH eAHHHUbl, TO MeHbUJHMH ee, T. e. KOTA a HeKOTOpbie H3 AeHCTByiO- 
rnnx nanpn>KeHHH hbjihiotch neperpy3oqHbiMn, a HeKOTOpbie — HeAorpy3oq- 
HbiMH^ Mbi, npeHedperan ynpoqHHioiUHM 4 )aKT0 P 0M HeAorpy30HHbix Hanpn- 
>KenHH, peKOMeHAyeM onpeAejiHTb AOJiroBeqnocTb kohctpykuhh no vpaB- 
HeHHIO (16). 

Ha ocHOBaHHn H3Jio>KeHHoro hbmh npeAJiaraeTCH cjieAyiomHH nopHAOK 
nccjieAOBaHHH npoqHocTH KOHCTpyKAHH, p a SoTaio ujhx npn HeperyjinpHbix 
pe>KHMax Harpy^KenHH. 

1* C noMoiAbio npn6opoB-aBTOMaTOB 3aperncTpnpoBaTb qncjia noBTope- 
HHH HanpH>KeHHH H 3MnjIHTyA HanpH>KeHHH 3a AOCTaTOqHO AAHTejIbHblH CpOK 
cjry^6bi KOHCTpyRunn, oxBaTbiBaioLpuH pa3Hoo6pa3Hbie SKcnjiyaTaunoHHbie 
narpy3KH. 

2. JlaHHbie ncnbiTaHnn cBecTn b TaSjinubi, no KOTopbiM nocTpOHTb rpa- 
<J)hkh CTaTHCTPiqecKon qacTOTbi HanpH)KeHHH 3a BpeMH ncnbiTaHnn. 

3. OnpeAejiHTb no oAHOMy H3 ypaBHeHnn (10), (11), (12), (13) (b 3 aBH- 
CHMOCTH OT KOHKpeTHbIX yCcTOBHn 3arpyXKeHHH KOHCTpyKUHPl) MaKCHMajIbHbie 
npeAeAbHbie HanpnHveHHH aah ajieMeHTa KOHCTpyKunn (no Ka>KAon cTyneHH 
rpac})nKa OTAeAbHo). 

4. OnpeAejiHTb 3anac npoqHocTH SAeMeHTa kohctpvkuhh: a) ecjin npe- 
AeAbHoe Hanpa>KeHHe MeHbuie npe^ena TeKynecTH — no ypaBHeHHio (14); 

6) ecjin npeAeAbHoe Hanpn>KeHHe 6ojibine hah paBHo npe^eAy TeKyqecTH 

no ypaBHeHHio (15). 

5. Te HanpnJKeHHH, 3anac npoiHocTH npn KOTopbix noAynHACH MeHbuiHM 
eAHHHUbl, CHHTaioTCH neperpy30HHbiMH. ZtoAroBequocTb SAeMeHTa KOHCTpyK- 
UHH, B AaHHOM cAyuae, Mbi peKOMeHAyeM onpeAeAHTb no ypaBHeHHio (16). 


141 


Sanitized Copy Approved for Release 2010/04/21 : CIA-RDP80T00246A032500880001-4 



Sanitized Copy Approved for Release 2010/04/21 : CIA-RDP80T00246A032500880001-4 


BblBOJJbl 

JlpHMeHeHHe pa3pa6oTaHHOH HaMH mctoahkh SKcnepHMeHTajibHoro nccjie- 
AOBaHHH iipo t iHOCTn ^jieMCHTOB CTajibHbix KOHCTpyKUHH, pa6oTaK>mnx npH 
HeperyjinpHbix nepeMeHHbix Harpy>KeHHHX, no3BOJiHT 3HauHTejibHO ninpe, hqm 
3to npoBOAHTcn e HacroHiuee BpeMH, M3yMaTb npoqHocTb ii AOJiroBeqHocTb 
KOHCTpyKUHH. BjiaroAapn npeAJioxteHHOH HaMH MeTOAHKe CTaHOBHTcn npome 
h caMO HcribiTaHHe, h o6pa6oTKa nojiyneHHbix npn HcnbiTaHHH ashhux. 

McnbuaHHe ajieMeHTOB KOHCTpyKUHH Ha npomocTb no npeA^araeMOH 
HaMH MeTOAHKe npeAycMaTpHBaeT npHMeHeHne npnSopoB-aBTOMaTOB, o6jia- 

AaiOLUHX BeebMa UCHHblM CBOHCTBOM AAHTeJIbHOTO aBTOMaTHHeCKOTO OTCHCTU 
qHceji noBTopenHH nepeMeHHbix nanp5DKeHHH h aMnjiHTyA Hanpn^eHHH, 3a- 
paHee yciaHOBjieHHbix no KjiaccaM bcjihmhh. npH6opbi-aBTOMaTbi coBMemaioT 
npouecc HcnbiTanna c Aa^bHefimuM npoueccoM o6pa6oTKH MaTepnajiOB 
HCnbITaHHH. 

CHHTaeM HeoSxOAHMblM OTMeTHTb, HTO RJIH yKa3aHHbIX HCCAeAOBaHHH 
npoHHOCTH Moryr cjiy>KHTb He tojibko CKOHCTpynpOBaHHbie HaMH KomaKTHbie 
npH6opbi-aBTOMaTbi, ho h npn6opbi, ocHOBaHHbie Ha hhwx 3jieKTpoMexaHH- 
qecKHX npHHunnax. 

HccjieAOBaHHe npomocTH crajibHbix KOHCTpyKUHH no npeAJiaraeMOH 
HaMH MeTOAHKe no3BOJiHeT oueHHTb HajiHHHe pa3HOo6pa3iibix nepeMeHHbix 
narpy30K h, ecjin 3HaneHH5i 3thx narpy30K Majibi no cpaBHeHHio c npeAejib- 
HblMH, AaeT BOSMO^KHOCTb yBeJIHHHTb HX, a CCJIH BeJIHKH — yMeHbLLIHTb. 

OnpeAeAeHHe 3anacoB npouHOCTH cymecTByioiuHx KOHCTpyKUHH no ash- 
hum AAHTeAbHOH perHCTpaUHH HHC ejl nOBTOpeHHH Hanpn>KeHHH n03B0JIHeT 
oueHHTb HaAe>KHOCTb SAeMeHTOB CyiUeCTByiOmHX KOHCTpyKUHH npH B03M02K- 
hhx HefiAaronpHHTHbix oTKjiOHeHHnx Harpy3KH, a Taxnce no3BOJineT yc/raHO- 
BHTb peHTa6ejIbHbie BejIHHHHbl 3anaC0B npOHHOCTH A*aH npoeKTHpOBaHHH 
KOHCTpyKUHH, OAHOTHnHbIX C HCnbITyeMbIMH. 

CTaracTHKa nepeMeHHbix Hanpn>KeHHH 3a AAHTejibHbiH n p o m e xcy to k Bpe- 
M6HH paSOTbl KOHCTpyKUHH, T. e. npH CaMbIX pa3H006pa3HbIX VCJJOBHHX 
3iccnAyaTauHH ee, mo>kct noACKa3aTb nyra yTOUHeHHH aHajiHTHuecKHX pac- 
qeTOB. H3MeHeHH5i nanpHJKenHH npn HeperyjinpHbix pe>KHMax HarpyaceHHJi, 
B03MOJKHO, nOAHHHHIOTCH CTUTHCTHHeCKHM 3aKOHOMepHOCTHM, OnpeAeJieHHe 
KOTopux o6AeruHT cocTaBAenne pacneTHbix cxeM npn npoeKTHpoBaHHH KOH- 
CTpyKUHH, OAHOTHnHbIX C HCnbITyeMbIMH. 
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